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PITTSBURGH EQUITABLE METER DIVISION 
ROCKWELL Manufacturing Gmpany 


TO STIMULATE THINKING ABOUT THE COMMUNITY BENEFITS RESULTING FROM 
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TRUE, no one can foresee exactly what the 

dwelling places of tomorrow will be like. 
But—in one detail—our artist’s conception is wrong. 
For, standing in stark ugliness amid all the glorious im- 
provements shown here, is a garbage can. And the gar- 
bage can, we are firmly convinced, will become a thing 
of the past. 
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As an expert in the field of sanitation, you are espe- 


cially aware of the threat to health offered by exposed 
organic waste materials. In fact, you have always et- 
deavored to protect your community from the diseases 
which the two related wastes—sewage and garbage—may 


foster. And you have won a notable victory over one 
of these wastes. For today typhoid is almost unknown. 





Thus you will be vitally interested in seeing garbage 
cans eliminated as a menace to public health. 

How can they be eliminated? 

By means of the General Electric Disposall! Installed 
in home kitchens, this appliance removes food wastes 
immediately by shredding them-intorfine particles and 
flushing them into the sewer. And it does not interfere 
with present sewer systems or sewage treatment practices. 


Because the Disposall can double the usefulness of 

sewer system and sewage treatment plant and help 

you still further safeguard the health of your community, 

we believe every sanitary engineer will want to know 
more about this new trend in food-waste removal. 


QUESTIONS AND ANSWERS ABOUT IMPROVED 
FOOD-WASTE REMOVAL METHODS 


1. Has the Disposall method been tested? 


Yes—during the past ten years, in numerous research 
and testing laboratories—and in over 300 communities. 
The information thus accumulated proves definitely 
that the Disposall method of removing food waste is 


100% practical. 
2. Will Disposall-treated wastes obstruct sewer systems? 


No. Food wastes are similar to human wastes and other 
sewage solids. But when food wastes pass through the 
Disposall, they ate processed into minute particles which 
are more uniform and water-buoyant than the sewage 
solids now flowing through your lines. The processed 
solids will not shoal, settle, adhere to pipe lines, or cause 


sewer stoppages. 
3. Need you worry about your plant’s capacity? 


Even if every home were equipped with a Disposall, the 
increase of volume of flow would be only about 1%. 
Naturally, the addition of food wastes to the sewer 
system will increase the solids and organic loading on 
treatment plants. But it will be many years before 
there are enough Disposalls in use to increase present 
loadings appreciably. 


4. Should steps be taken now? 


Just as indoor plumbing replaced the outhouse, the G-E 
Disposal] should replace the garbage can. For it removes 


) Disposall 
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CONVERTS FOOD WASTE TO SEWAGE—ELIMINATES “GARBAGE” 


all food waste as it should be removed—immediately! 


Like the outhouse, the garbage can threatens commu- 
nity health. It is odorous, putrefactive, germ-breeding. 
It attracts flies which spread those deadly germs. 7'he 
sooner it ts eliminated, the better! 


5. Is a sewage treatment plant necessary? 


Whether Disposalls are used in your community or not, 
we believe that every modern American city should have 
a sewage-treatment plant. And we hope that public- 
spirited men will continue to crusade for such plants 
where they are needed, and use the advantages of the 
Disposall to support their cause! 


6. Have we more detailed information? 


Yes! Further interesting facts about the Disposall—the 
result of intensive research—are available to you upon 
request. We shall be glad, too, to answer any specific 
questions you may wish to ask. Please write to Depart- 
ment SWJ545, General Electric, Bridgeport 2, Conn. 


The G-E Disposall as it appears installed in the G-E 
Electric Sink. Food wastes are scraped into drain open- 
ing, safety cover placed in position, and cold water 
turned on. The turning on of the cold water starts the 
Disposall. Food waste is grated and flushed away, 


automatically. 


GF Hy 
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Joints Will Be Better 


Than Ever Before 


Hundreds of water works men can attest to the 
fact that HYDRO-TITE has joined thousands of 
miles of cast iron pipe with complete satisfaction. 
Now, by using super FIBREX an even better joint 
results. Super FIBREX, when properly tamped in, 
takes the shape of the pipe end and makes a per- 
manent rubber-clad gasket. Due to the construction 
_of Super FIBREX there are no open or weak spots. 
lt makes a complete seal—rubber to metal. 

Use Super FIBREX—with time-tested HYDRO-TITE 
for permanently tight bell and spigot joints. 


A PIPE LINE 
IS NO BETTER 


THAN ITS JOINTS 
3 TO EXACT SIZE 





o BCKAGED 
to RADY TO USE 
est veniently packaged in exact 


ins: Pe- circumference, ready - cut A DEPENDABLE SELF-CAULKING 
gths. No waste of time or ma- 


al. Available in all pipe sizes. 
A BACTERIA-FREE RUBBER COVERED, USED LIKE BRAIDED JUTE 


PLE ON REQUEST 
HYDRAULIC PDEVELOPMENT CORPORATION 


Main Sales Office: 50 Church Street; New York, N. Y. 
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Again it’sQ.C.£-Lubri- 
cated Plug Valves in 
Sludge Pump Room at 
Peru, Illinois showing 
QC.f 6-inch Plug 
Valves on Sludge Lines. 
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Yes, Mr. Cole... Plug valves ave 


INSURANCE against stoppages 


We agree with Mr. Harvey M. Cole, Jr., 
Sanitary Engineer, San Diego, California 
—that plug valves have proven their supe- 


riority in sludge lines. 


In the December 1945 issue of Sewage 
Works Engineering the Round Table Dis- 
cussion deals with “Stoppage of Sludge 
Lines at Treatment Plants”. Mr. Harvey M. 
Cole, Jr., one of the many prominent engi- 


neers interviewed stated: 


“We use eight-inch sludge lines through- 
out the plant. All sludge lines are of cast 
iron. There are a few four-inch gate valves 
next to the sludge pumps (discharge side), 
but all large eight-inch valves are plug 


valves, some straight-through, some three- 


30 CHURCH STREET - 


way and some two-way. Our experience 
has proven the worth of plug valves on 
sludge lines. Rags, stringy material and 
sticks that somehow get through to the 
valves, causing stoppages, are more readily 
cleared by shearing the material in the 
valve by turning the handle ninety- 
degrees. Gate valves are not strong enough 


to stand this shearing action.” 


We can supply plug valves with the same 
face-to-face dimensions as existing gate 
valves. There is no need to disrupt present 
installations in modernizing your sewage 
disposal plant. Distributors in principal 
cities carry adequate stocks. For complete 


specifications send for catalogue 3-W. 


AMERICAN CAR AND FOUNDRY COMPANY} 


Valve Department 





NEW YORK 8, N. Y. 


The plus values that come with Roberts Filter 
equipment are intangibles of long experience, engineering skill and 
the ability to work with others. 

Evidence of the fine reputation Roberts Filter Mfg. Company 
enjoys, is to be found in the fact that hundreds of major projects and 
thousands of smaller installations for water treatment in operation 

oday, bear the Roberts nameplate of dependability. 

' We invite the opportunity to cooperate with individuals and 
organizations interested in the correction of water, either for munic- 
ipal or industrial requirements. Your request will bring full infor- 
mation on the application of our products and services. 


ROBERTS FILTER MANUFACTURING Co. 


607 COLUMBIA AVENUE + DARBY, PENNSYLVANIA 
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ROTOVALVES 
S. MORGAN SMITH COMPANY 


For CHECK SERVICE with 


RAW SEWAGE PUMPS 
In the Sewage Treatment Plant of the CITY of COLUMBUS, Ohio 


\larecuarpinc the two 55 m.g.d., and the 
L\} two 2714 m.g.d. motor driven Raw Sewage 
Pumps, the four Roto Check Valves perform 
an essential service, in this modern and im- 
portant Plant. 

One of the very interesting characteristics 
of this installation is that they are located 
downstream from the throat of the Venturi 





meters, which are set between the pumps 
and the check valves. These four valves 
are included in a total of 48 S. Morgan 
Smith Company Rotovalves used in this plant 
for miscellaneous services on air, sludge and 
sewage lines. 

Write us for more complete information, 
when you are planning Sewage Plants. 


S. Morgan SMITH Company 


YORK PA. 
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CUBICLE CONTROL CENTERS are 


available for all SEWAGE DISPOSAL and 
WATER TREATMENT PLANT ELECTRICAL 
CONTROL INSTALLATIONS 


"9C¢"Cubicle Control Centers comprise three basic panel forms 
_Incoming Line, Motor Control, and Gauge Cubicles. All are 
matching in height, depth, general construction and appearance. 
Cubicle equipment for any given installation may be deter- 
mined easily as follows: 1. Tabulate number, horsepower and 
voltage of motors involved and starters required, also whether 
fyll or reduced voltage starting is needed. (See Table 1). 
9 Select Motor Control cubicle type. (See Table 2). 3. Select 
Incoming Line cubicle type based on total horsepower. (Table 
9), 4. Physical arrangement can be made to suit installation. 
For overall dimensions and building design ask for “3C" 


Bulletin 9900. 
TABLE No.1. HORSE-POWER RATING VS. STARTER SIZES 


Max. H. P., 3 Phase Induction Motors NEMA Contactor 


Tc cnnacentibianaiatcehddamanisadeanaee 
208-220 Volts 440-550 Volts Starter Size | Amp. Rating 
a | 
2 
5 


15 
30 
$0 


TABLE No. 2. MOTOR CONTROL CUBICLES 


*Max. No. and Sizes of Motor Starters per Cubicle 
———_ SS Cubicle 

Full Voltage Reduced Voltage Type 
(Bulletin 6013 Type) | (Bulletin 6080 Type) 


4-Size 0 or 1 
6-Size 0 or 1 
4-Size 2 


6-Size 2 
1-Size 2 1—Size 2 
3-Size 2 1—Size 2 


2-Size 2 


2-—Size 3 
? 1-—Size 3 
1-Size 1 1-Size 3 
1-Size 3 and 1-Size 4 | 5 : 

2-Size 4 
1—Size 4 


*The number and sizes of starters shown for each cubicle type are the 
maximum. In any case, smaller sizes may be substituted; i.e., Cubicle 
type M4-X2 will accommodate 2 size 2 and 2 size 1 starters, etc. 


TABLE No. 3. INCOMING LINE CUBICLES 


Max. H.P. Capacity 3 Pole 
— - a Circuit Breaker Cubicle Type 
220 Volts | 440 Volts Frame Size 
50 Amperes 
100 Amperes 
225 Amperes 
500 600 Amperes 


: Number of Panel Space Available 
Cubicle Type Lighting Panel for Power Co. 
Circuits Metering Equipment 


IL-100 Single Wire 
IL-225 Single Wise 


IL-50 Single Wire 
IL-600 Single Wire 














- 
- 


yy THE CLARK CONTROLLER CO. 


\ 


1146 EAST 152nd ST., CLEVELAND 10, OHIO +e EVERYTHING UNDER CONTROL 
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Two of a battery of four De Laval mixed-flow 
pumps at Bowery Bay. Each of the 36” pumps 
delivers 29,480 g.p.m. against 40 ft. head. 


oy 


Four De Laval compressors at Bowery Bay, each 

of which delivers 10,000 c.f.m. against 73% psi. 

BeThese compressors are directly connected to 
" high-speed 3500 r.p.m. slipring motors. re 


.. 

Il pumping in the modern 60 m.g.d. Bowery Bay Sewage Disposal 
Plant, serving the City of New York, is handled by De Laval mixed-flow 
centrifugal pumps; and all air required by the activation chambers is de- 
livered by de La Val compressors. 


Approximately half of the power needed to drive these units is fur- 
nished by generators driven by gas engines receiving fuel in the form 
of gas from the digestion chambers. 


Bowery Bay is one of many sewage disposal plants served by 
De Laval pumps and compressors. 


ak oe oe ss Rx Pers see : SALES OFFICES: ATLANTA * BOSTON * CHAR 

TURBINES + HELICALGEARS - A ae k ton t, LOTTE * CHICAGO * CLEVELAND * DENVEP 
oon 4 ¥ alae DETROIT * DULUTH * EDMONTON * GREAT 

WORM GEAR SPEED REDUCERS ee Rota ; { at a) ; Se * FALLS * MAVANA * HELENA + HOUSTOP 
ages BB, ) f 4 ; H KANSAS CITY + LOS ANGELES - MONTREA 

CENTRIFUGAL PUMPS + CEN- Rohs ‘ q . Ee NEW ORLEANS « NEW YORK « PHILADELPHIA 
i ; " aye * ‘ oe _ PITTSBURGH * ROCHESTER « ST. PAUL * SAL 

TRIFUGAL BLOWERS and COM.- ‘ ; 4 : ’ 4 a a . = : ‘ LAKE City SAN FRANCIS °C + SEATTLE 
- : lip ‘ TOR 4TC a | & * VANC 

PRESSORS - IMO OIL PUMPS a eee a a Ale . ane - 


INGTON, D ¢ 


You are cordially invited to visit the De 
Laval Booths, Nos. 79 and 80, at the Water 
Works Convention, St. Louis, Missouri. 
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ZECO and HI-ZECO Greensand Zeolite for 
water softening, filtration and iron removal. 
ZECO Manganese Zeolite for iron and 
manganese removal. COREXITE mineral 
for corrosion control and water stabilization. 


* 


ZEOLITE CHEMICAL CO. 


Sales Office Factory 
140 Cedar St., New York, N. Y. © Medford, N. J. 
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eer who said, 


“CLEAN WATERMAINS 


FIRST ....BEFORE ADDING 
NEW & LARGER WATERMAINS’ 


FFICIALS of one city would like ing job, costing $2,000.00, actually 
to pin a medal on the engineer paid 200% profit the first year an 
who made the above statement, be- continued to pay each year for five 
cause their water department increased years. 
pumping capacity 365,000,000 gallons Tests made this year (the fifth test) 
per year by having Flexible clean their show little change. This city’s name will 
mains. In actual profit over a period be furnished on request. 
of five years, they saved $3,650 a year Clean your pipe lines first. Save costly 
plus the value of the additional water cuts in the street — call, write or wire 
pumped, which was estimated to be ap- Flexible for an estimate on your pipe 
proximately $2,663. This pipe clean- cleaning problems. 


Flexible Pressure Tool utilizes pres- 
sure of fluid flowing through pipe. Fleets of trucks (illustrated) are strategically located throughout United States. 


Centrifugal force throws chain 
bead cutters in contact with pipe 
to remove tuberculation. 


Flexible crews are eanlabed ‘to 
handle any pipe cleaning job. Flex- 
ible power unit is shown, 


615 Pickwick Bidg. 1208 W. Chase Ave. 
Kansas City 6, Mo. Chicago 26 
1624 Harmon Place 147 Hillside Ter 
Minneapolis 3 Irvington, N. J 
P.O. Box 694 
Pittsburgh 
40! Broadway 
New York 13 
Gulfport, Miss. 29 Cerdan Ave. 
41 Greenway St Roslindale 3! 
Hamden, Conn. 
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If you are using gas from digesting 
sludge for heating or for power, 
you know it can mean plenty of 
trouble for collection equipment. 
In addition to methane, the gas 
contains carbon dioxide and hydro- 
gen sulfide. Both carbon and 
sulphur compounds become ag- 
gressive acids in the presence of 
moisture. Since the gas is always 
moist, collection domes and hoods 
are exposed to severe attack. 
Fortunately, this is an applica- 
tion where wrought iron has proved 
its superior durability. Designers 
have used it in a number of the 
most modern plants in the country. 
The collection domes shown in the 
illustration above, and used in two 
Indiana installations, were fabri- 
cated from Byers Wrought Iron 
8-gage sheets by welding. In a 
Michigan installation, hoods for 
use in 2-story tanks were made 








from 11l-gage wrought iron sheets. 
The reason for wrought iron’s 
superior corrosion resistance in 
this service is found in its unusual 
composition and structure. Tiny 
fibers of glass-like silicate slag— 
200,000 or more to the square 
inch of section—are threaded 
through the main body of high- 
purity iron. These fibers act like 
baffles, to halt and diffuse corro- 
sive attack, and so discourage 
pitting and penetration. When gal- 
vanizing is used, the microscopi- 
cally rougher surface of wrought 
iron retains a heavier coating. 


CORROSION COSTS YOU MORE THAN WROUGHT 


cr 


If the material you are now using 
for collection domes requires fre- 
quent replacement, you will find 
it profitable to investigate the serv- 
ice and economy record of wrought 
iron. Our bulletin, ‘‘Wrought Iron 
for Sewage Treatment and Disposal 
Installations’’ will give you some 
helpful, factual information. We 
will be happy to send you a com- 
plimentary copy on request. 

A. M. Byers Co., Pittsburgh, Pa. 
Established 1864. Boston, New 
York, Philadelphia, Washington, 
Chicago, St. Louis, Houston, 
Seattle, San Francisco, Atlanta. 


IRON 
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an you think(|:: 


There’s a fortune in it if you can. 


But remember, we mean pipe material that will serve for a century. 
Everybody knows that cast iron pipe will because it has served for more 
than a century in American cities, and for more than two centuries in 
Europe. 


Can you think of any other kind that will? Under the ground and under 
pressure? At practicable cost? No one else has been able to. 


But, you may say, in this Atomic Age why should I buy pipe that lasts 
so long? Because the same qualities that enable cast iron pipe to serve for 
centuries also mean economy “in our time.” Lower annual maintenance 
cost from the start. Lowest cost per service year in the end. 


A survey among 195 water works superintendents proves that the main- 
tenance cost of cast iron pipe for distribution mains is lowest by far. 


Engineers, in evaluating bids, continue to give cast iron pipe the highest 
rating for useful life — 100 years or more. 


A U. S. Government Report On Obsolescence gives cast iron pipe the 
lowest rate of depreciation of all engineering materials. 


Yes, you can lay cast iron pipe with confidence, underground or under 
water. Because of its all-purpose adaptability, cast iron pipe is available 
with joints for every service as shown below. Cast Iron Pipe Research 


Association, T. F. Wolfe, Research Engineer, Peoples Gas Bldg., Chicago 3. 











— 





Mechanical Joint—for all pressures—now Flexible Joint—for river crossings and other 


Bell-and-spigot Joint—the time-tried and stand- 
standardized with interchangeable parts. sub-aqueous installations. 


ard for water, gas and sewerage service. 


CAST IRON PIPE || 


April, 1946 











WaTER & SEWAGE WORKS, 


sf any other pressure pipe material, practicable for 
gnderground mains, that will serve for a century? 


Flanged Joint—for water, steam, oil or gas We 
generally used above ground. 


Serves for Centuries 
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The older they are the 
farther they fall in attempting to meet 
standards that are being set by the 


line of Fairbanks-Morse split-case 





centrifugal pumps. Here’s a line that's 
broad enough to include the type 
and size which most closely meets your 


stepped-up needs. 


Time to Forget... IE; 
and Remember! 


Now is the time to forget your old 
pumps whose efficiency is that of a bygone 
era and whose daily services are costing 
you money! Remember—pumps are 
commonly designed and built to answer 
specific conditions of head and capacity: 
Wher. these conditions change, the 
increase in pumping costs may be 
appreciable. 






» 
Mount them 





anywhere! 





Replace tired-out, hard-to-get-at 
pumps with Fairbanks-Morse 






Builtogether pumps—packaged units, 







with pump and motor ona 


single shaft. Used industry-wide, they 






move up to 1200 gallons per minute at heads 
up to 260 feet. 












Three famous names — 
Fairbanks-Morse, Pomona and Westco are 






gilt-edged evidence that when you see your Fairbanks-Morse 








dealer or call at your Fairbanks-Morse branch office, you're 






taking the right step toward lowest liquid-moving costs. 


Name your pumping job— 
there's a modern Fairbanks-Morse 


“high-efficiency"’ pump ready to handle it. C FAIR BANKS-MORSE 








For instance, the line of vertical Angle-Flow 









pumps for moving lots of water—up to (he ° 
atin ch that, oitoe A name worth remembering 
compared with modern standards, is DIESEL LOCOMOTIVES - DIESEL ENGINES - MAGNETOS - GENERATORS - MOTORS « PUM! 





extremely low. SCALES - STOKERS RAILROAD MOTOR CARS ond STANDPIPES - FARM EQUIPMEN 
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, of the many “staple” materials in which quality should not be “taken 


for granted” is Paradichlorobenzene. The basic efficiency of this material as an insecticide 
for the control of the peachtree borer or sugar cane grub...as a moth-killing fumigant and 
deodorant...or as a dye intermediate, depends in large measure on the clean, pure 
quality of “Para” crystals. Long experience has given Niagara special knowledge in the processing 
and handling of Paradichlorobenzene. In addition, Niagara is equipped to cooperate 


expertly with customers regarding its use in a wide range of applications. 


An Essential Part of America’s " 
, , . . . e 
Great Chemical Enterprise Maga Whale Co 


CAUSTIC POTASH + CAUSTIC SODA + PARADICHLOROBENZENE + CARBONATE OF POTASH « LIQUID CHLORINE + NIATHAL 60 EAST 42nd STREET » NEW YORK 17,N.Y. 








American Water Works Assn. 
1946 Conference 
St. Louis, May 6 to 10 


| 
| 
| 
| 
5 


wow CALGON* 


INHIBITS CORROSION 
PREVENTS SCALE 


You are cordially invited to visit the Calgon booth. 


* 
HAGAN 
ate n,inc. 
* T.M. Reg. U.S. Pot. Off. BEDTTI TT: 9 

CALGON A SUBSIDIARY OF HAGAN BUILDING 


HAGAN CORPORATION PITTSBURGH 30, PA 
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Records like these... pay lbibut 


Standpipe Water Level 


GRAPHIC TESTIMONY TO THE EFFICIENCY 
OF AUTOMATIC PUMPING CONTROL 


The charts above are typical 24 
hour records of Foxboro Automatic 
Control in a pumping station supply- 
ing water to a New England town of 
6000 inhabitants. For several years, 
such charts have provided an accu- 
rate check on pumping costs and on 
the maintenance of water pressure... 
an important record, incidentally, for 
securing the best possible municipal 
insurance rates. 


SOLUTIONS TO YOUR PROBLEMS 


Practically every pumping station 
problem of measurement and control 
is answered by standard Foxboro 
Instruments. Dependable control, out- 
standing accuracy and low mainte- 
nance are assured by their exclusive, 
basic features. 


Consider the Rotax assembly of the 
Altitude Controller shown at the right. 


0) G5 10) a 


REG. U. S. PAT. OFF. 
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This extremely simple, positive-oper- 
ating type of electrical contact trans- 
lates pressure at the pump house into 
switch action for operation of the 
pumps. The measuring element is en- 
tirely free and unhampered in move- 
ment, insuring maximum sensitivity. 
Other points of superiority are... 
positive contact at all times with min- 
imum arcing; constant initial and final 
brush pressures; self-cleaning; plati- 
num contact surfaces; and easy set- 
ting. Its built-in relay handles direct 
operation of valves, auxiliary relays, 
contactors, small motors for chemical 
feed and signaling devices. 

With over 35 years of on-the-job 
experience in developing and install- 
ing control systems for municipal and 
industrial use, Foxboro can help you 
to lay out more efficient, more effec- 
tive automatic pumping control. 


Main Line Flow 


This automatic pumping com” 
trol system supplies the rec” 
ords shown above. Foxboro 
Flow Recorder with integrator 
(top) and Rotax Altitude Con- 
troller. Send for copies of 
Bulletins 200 and 294 describ 
ing systems of this type. The 
Foxboro Co., 142 Neponset 
Ave., Foxboro, Mass., U.S. A. 


RECORDING - CONTROLLING - INDICATING 


INSTRUMENTS 
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Sanitation HTH...Liquid Chiorine...Chlorine Dioxide...Fused Alkali 
Caustic Soda...Soda Ash...Bicarbonate of Soda...PH-Plus... 
Ammonia, Anhydrous & Aqua...Dry Ice...Carbonic Gas...Synthetic 
Salt Cake... Sodium Chlorite Products... Sodium Methylote 








The picture below shows the screen chamber at 
Weston Reservoir, Weston, Mass., part of the 
Boston Metropolitan Water Works system, 
where a supply of Sanitation HTH is wisely kept 
on hand. For regular and special chlorination 
jobs, Sanitation HTH is the favorite of progres- 
sive water works officials. 


Write for Mathieson’s free ““Hypo-Chlorination 
of Water” —a complete reference manual on the 
use of high-test calcium hypochlorite in the 
modern practice of safeguarding water supplies. 


This valuable, illustrated 80-page manual—in 
simple, easy-to-read language—covers all stages 
of standard sanitation practice, including how 
to use Sanitation HTH in emergencies. . . con- 
trol of algae... sterilizing new mains .. . treat- 
ment of filters. 


Note: If your regular supplier doesn't have 
HTH on hand write directly to the Mathieson 
Alkali Works (Inc.), 60 East 42nd Street, 
New York 17, N. Y. Getan ample supply today. 


THE MATHIESON ALKALI WORKS (INC) 
GO East 42nd Street « New York 17, N. Y. 
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You can’t get the real story of a Gorman-Rupp 
pump from looking at the outside. It’s the sim- 
plicity and good design inside that makes this 
the most efficient, trouble-free pump you can get. 
“There are no by-passes, no pipes, no valves - 
nothing to do in priming but start the motor and 
you start the water. Since such makeshifts rob a 
pump of as much as 30 per cent of its running 
capacity, the greater priming simplicity of 
Gorman-Rupp pumps pays off in more work for 
less fuel and power. 


*“Gorman-Rupp pumps are streamlined inside 
where streamlining counts! Smooth surfaces, no 
traps and a design that flows with the water adds 
another big factor to efficiency and prevents 
clogging. These pumps will handle any muck or 
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solids that will pass the intake and clear them 
out of the pump body. 


“The G-R impeller operates at motor speed, with- 
out reduction gears - another source of wear, 
trouble and maintenance eliminated. This im- 
peller is the only moving part and rotates on high 
grade roller bearings. 


“Every part of a Gorman-Rupp pump has long 
wear built into it, and every wearing part is re 
placeable without tearing the pump apart. This 
maintenance can be done by an unskilled man 
with common tools. 


These are a few reasons why Gorman-Rupp self- 
priming centrifugal pumps will out-perform and 
outlive any other comparable equipment. Write 
for further detailed information. 


e MANSFIELD, OH 








ITH the pride of watchmakers, Badger craftsmen produce the many precision parts 


used in Badger Water Meters. That is one reason why years of accurate metering 
are yours when you use Badger Meters. 
Send us the coupon. It will bring a Badger Meter Engineer who will show you all the 


reasons why you get “More for your money,” when you buy Badger Water Meters. 


BADGER METER MFG. CO. BADGER METER MFG. CO. @ MILWAUKEE 10, WISCONSIN 


MILWAUKEE 10, WISCONSIN [] Please have a Badger Meter Representative call. 


[_] Please send complete descriptive literature. 
BRANCH OFFICES: - 
New York City - Chicago, Illinois - Waco, Texas - Portland, Ore. - Salt 


Name of Utility 





Individual 
Lake City, Utah - Seattle, Wash. - Cincinnati, Ohio - Philadelphia, 


Pa. - Denver, Colo. - Worcester, Mass. - Kansas City, Mo. 


- Tampa, Fla. - Savannah, Ga, - Los Angeles, Calif. 


Street Address 





City and State 
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Question: In a Water Works or Sewerage 


Project, Are You Looking For 


WHAT KIND—BLOWERS, COMPRESSORS, VACUUM PUMPS, SLUDGE 


DEWATERING EQUIPMENT, WATER OR SEWAGE PUMPS, MOTORS, CONTROL? 





100% oil-free air, right for ceration, 1 
charged through two center wheels! 4 


Double inlets — air enters here, posses 
two outside wheels — is combined at center 








Whichever it is, A-Ccan help! Ex- 
ample: midwest activated sludge 
plant needed 100,000 cfm air at 
10 lb G. Two 2450 hp turbine 
driven, 50,000 cfm Turbo-Blow- 
ers supply it. Double inlet type... 


Plan to dewater sludge mechan- 
ically? ‘““Ro-Flo” Vacuum Pumps 
produce vacuums high as 2814" 
mercury. Will you capture and 
store digester gases ? Use ‘‘Ro-Flo” 
Compressors. Bulletin B6211, 
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Each is in effect 2 blowers in same 
casing. Half volume enters each 
end, all discharges at center. 
Wheels are doubled, but smaller 
diameter, Result: higher operat- 
ing speed for turbine drive. 


Simple, isn’t it? No reciprocating 
parts —- movement completely 
rotary. No rubbing parts; 
lubrication except at outside bear 
ings. That means oil-free air— 
right foraeration ! Bulletin B6104 
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Water Seals Drain Tank 





Both operate on sliding vane prin- 
ciple, Blades in rotor are free to 
move radially in and. out of slots. 
Result: multiple longitudinal cells 
which efficiently trap air in com- 
pression stages. 


Combination of “Ro-Flo” vacr 
um pump and continuous filter 
press removes up to 25% moik 
ture in initial dewatering of sludge 
for incineration, or for manufae 
ture of fertilizer. 





After that, drying. Here, A-C 
rotary kilns reduce moisture con- 
tent to low %! A-C kilns are 
all-welded, have centralized con- 
trol, features which reduce fuel 
consumption and operating costs. 


A-C not only builds 101 
kinds of basic equipment for 
you, but also the power to 
drive it — motors, turbines, 
gasoline engines . . . gives 
you “machine teamwork” ! 


In final preparation of commer- 
cial fertilizer still other A-C equip- 
ment is used — “Pulverators’, 
vibrating screens, gytatory sifters 
(see above) are used in manufac. 
ture of well-known brands. 


A-C’s wide line of control 
permits flexible circuit design 
—makes tough problems look 
simple! Here, switchgear in 
typical pumping station lay- 
out controls motors, pumps. 


Member of A-C’s great Texrope 
“team” is Vari-Pitch Speed 
Changer. On sludge pumps, ma- 
chines—wherever you need speed 
range — it provides infinite 
changes — ratio of 3.75 to 1, 


Got a pump problem? A-C 
can furnish pumps of any 
capacity or head you require! 
Offers famous Type “S” wa- 
ter, sewage, storm water, fire 
and other pumps! 


PUT THIS EXPERIENCE TO WORK! 


A-C offers Water Works and Sewerage men, and their consultants, 

practical help on engineering problems — through a “Cooperative 

Engineering” service second to none — and that’s backed by one of the 
broadest lines of major Public Works equipment! 


A 1923 


ALLIS-CHALMERS 


<> MILWAUKEE, 
y We NAIA 


PRODUCER OF THE WORLD’S LARGEST 
LINE OF MAJOR INDUSTRIAL EQUIPMENT! 
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Portable Pumps ¥ wpmaust | ¢ 
and Generators \ (ibwem GeAtnSS. 
will do on paper , 


Two new bulletins ...L501 on Homelite Portable Pumps and 
1406 on Homelite Portable Generators . . . will bring you up-to-date on 
all the latest developments in Homelite design and performance. Send 
for these two bulletins. Look them over carefully. But don’t stop there, 


then see what they'll do 


s 
on the job Homelite Representatives, now located in strategic 
centers throughout the country, are ready to give actual on-the-job 
demonstrations of Homelite pump and generator performance. 

Let them give one for you. Let them show you all the pumping 
qualities of Homelite Portable Pumps. Let them show you the new 
Homelite Portable Generators in action . . . running floodlights or all 
kinds of electric tools... on your job, any place, any time. Simply write. 
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“COMPLETE TECHNICAL INFORMATION ON 
EQUIPMENT AND PLANT DESIGN | 


Oe 
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THE AMERICAN WELL WORKS 
MANUFACTURERS SINCE 1868 


| e PUMPING MACHINERY ¢ 
e SEWAGE TREATMENT ° 


e WATER PURIFICATION ° 
78 YEARS CONTINUOUS OPERATION 


vs e RESEARCH 
INTEGRITY 

e ENGINEERS 

| e MANUFACTURERS 


QUALITY 
THE AMERICAN WELL WORKS 


FACTORY AND LABORATORIES 
DEPENDABILITY 
+ AURORA, ILLINOIS 
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ENGINEERING DATA REGARDING GARY WATER DISTRIBUTION SYSTEM 


Area served—44 sq. miles 

Average daily consumption (Ist 
quarter of year)—12,000,000 
gals. 

Average daily consumption (sum- 
mer months)—23,000,000 gals. 


Source of water—Lake Michigan 
Miles of mains—180 

Size of mains—2 in. to 30 in. 
Number of meters in system— 


17,000 
Number of fire hydrants—1,015 


ELEVATED STORAGE 


. « + to solve a pressure problem in the 
outlying districts of its distribution system. 


. 4 For years Gary has pumped its water direct 
from Lake Michigan. At peak load periods water 
pressure in the outlying districts dropped as low as 
6 lbs. per sq. in. This was due partly to higher eleva- 
tion and also to the fact that the meters were at the 
extreme end of the line. To remedy the situation, the 
Northern Indiana Public Service Company installed 


two Horton elevated tanks . . . a 1,500,000-gal. tank, 
shown above, and a 750,000-gal. tank shown at the left. 
In addition to solving the pressure problem, it is ex- 
pected that these tanks will relieve the strain on the 
pumping equipment during the peak load periods. 
The average daily consumption at Gary during the 
first quarter of the year is about 12,000,000 gals. 
During the summer months this increases to approxi- 


mately 23,000,000 gals. per day. 


CHICAGO BRIDGE & [IRON COMPANY 


2198 McCormick Bldg. 
3390-165 Broadway Bidg. 
2262 Guildhall Bidg. 
1455 Wm. Fox Bidg. 
Birmingham 1 1586 North 50th Street 
Atlanta 3 2181 Healey Bidg. 


Plants in Birmingham, Chicago and Greenville, Pa. 


Chicago 4 


Cleveland 15 
los Angeles 14 


Houston 1 
Philadelphia 3 
Washington 4 
San Francisco 5 
Detroit 26.... 


1646 Hunt Bidg. 

5615 Clinton Drive 

1644-1700 Walnut Street Bidg. 
703 Atlantic Bidg. 

1283-22 Battery St. Bidg. 

1551 Lafayette Bidg. 


In Canada: Horton Steel Works, Limited, Fort Erie, Ont. 
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Fire Hydrants, of the compression type, 
featuring Protectop collision protection, 
frost-proof tapered barrel,.and positive 
action drain. 


ob SA REE 


Gate Valves, for low, medium or high 
pressure service. Manval, hydraulic cylin- 


Tapping sleeves, for making branch con- 
nections (in sizes 2” thru 42”) under pres- 


sure in cast iron, steel, asbestos-cement 
or reinforced concrete pipe of any size. 


der, or motor operation. 
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Pipe Cutting Machines. With the SMITH 
machine a true “lathe” cut can be made 


Water service brass goods: corporation 
—curb cocks, couplings and other fittings 
for copper tube, lead and iron pipe ser- 
vices. 


on cast iron, steel or asbestos-cement pipe 
in a minimum time. 


* Water works material 


FIRE HYDRANTS 


Pi i 


THE A.P. SMITH MFG. CO. -: 


EAST ORANGE, 


GATE VALVES 

CHECK VALVES 

NSERTING VALVES 

TAPPING SLEEVES AND VALVES 


WATER SERVICE BRASS GOODS 


NEW JERSEY 


—— 


Inserting Valves, for installing valves 
under pressure in cast iron, steel or as 
bestos-cement pipe in sizes 4” thru 48”, 


Corporation Tapping Machines. With the 
SMITH Tapping Machines corporation 
cocks can be installed under pressure. 
The machine is compact and easy to op- 
erate. 


of proven quality 


WHEN AT THE WATER WORKS CONVENTION YOU ARE CORDIALLY INVITED 
TO VISIT BOOTH NO. 56 OF THE A. P. SMITH MANUFACTURING COMPANY. 
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@ On November 24, 1944, after rigid tests and ex- 
haustive investigation, Underwriters’ Laboratories, Inc., 
sponsored by the National Board of Fire Underwriters, 


recommended fo the Fire Council of Underwriters’ Lab- 


Underwriters 
ll CrWil ers oratories, Inc., the acceptance of Lock Joint Prestressed 


Concrete Cylinder Pipe of the 150 Ib. class in sizes from 


a 
Labo [ ai0 [ I PS 20” to 42” for use in public and private waterworks and 


fire service systems. This recommendation was accepted 


December 21, 1944. 


LOCK JOINT PIPE COMPANY 


Established 1905 
P.0.BOX 269, EAST ORANGE, NEW JERSEY 


Denver, Colo. * Chicago, Ill. + Kenilworth, N. J.*Kansas City, Mo.+Rock Island, Il. 
Joplin, Mo. + Valley Park, Mo. » Cleveland, Ohio » Hartford, Conn. + Navarre, Ohio 


Lock Joint Pipe Company specializes in the manufacture and installation 
SCOPE OF of Reinforced Concrete Pressure Pipe for Water Supply and Distribution 
SERVICES Mains in a wide range of diameters as well as Concrete Pipe of all types 
for Sanitary Sewers, Storm Drains, Culverts and Subaqueous lines, 
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The Inside Story 
of a Better Pump 


a 

Pd 
Gardner-Denver horizontally split case single stage 
high efficiency pump. Designed for heads up to 300 feet. 
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Look inside a Gardner-Denver horizontally split cay 
double suction centrifugal pump. Then it’s easy to se 
why these pumps have high efficiency—why they fr. 
quently save enough in power costs to pay for pump ani 


motor within a single year! 


Water passages are properly proportioned to produce 
an even, uniform flow of water through the pump. Car- 
tridge type bearing housings protect the ball bearings. Th 
cast bronze parts are all high tensile hard bronze—m 
peller shaft sleeves are hard bronze. Shafts are made d 
high carbon alloy steel, having a tensile strength in e& 
cess of 100,000 pounds per square inch. Cast iron used in 
this pump has a tensile strength above 40,000 pounds pa § 


square inch. 


Backed by 87 years of Gardner-Denver manufacturitg 
experience, Gardner-Denver centrifugals will prove their 
greater worth in your installation. For complete infét 


mation, write Gardner-Denver Company, Quincy, Il 


NVER 


Since 1859 





Thoroughbreds “Pay Off” 


~- «- « »- IN ENDURANCE 
AND TOP PERFORMANCE 


Though meters can be purchased at lower cost, this Builders pre- 
cision instrument is a best buy because: 
®@ Long life makes cost per year extremely low. Builders 
Herschel Standard Venturi Tubes and Type M Register- 
Indicator-Recorders are functioning with original accuracy 
after more than thirty years’ service. 


®@ Low head loss means efficiency. Reduced pumping costs pay 
dividends every day in the year. Useful head on gravity sys- 
tems is conserved. 


®@ Trouble-free design—no moving parts in pipe line; no shut- 


down during maintenance or adjustment. 


@ The high accuracy and wide range of the Type M Register- 
Indicator-Recorder contribute to greater efficiency in plant 
operation. Results averaging better than plus or minus two 
per cent over flow range as wide as 1 to 15 or more are 
readily obtained. 


For Bulletin 293-C, address Builders-Providence, Inc., (Division 
of Builders Iron Foundry), 10 Codding Street, Providence 1, 
Rhode Island. 





BUILDERS PRODUCTS 


Venturi, Propeloflo and Orifice Meters * Type M and Flo-Watch 
Instruments * Filter Controllers and Gauges * Master Con- 
trollers * Kennison Nozzles * Chronoflo Telemeters « Builders- 
Chronoflo Conveyor Scales 





Builders Type M Venturi Instru- 
ment and Herschel Standard Ven- 
turi Tube. Short Venturi Tube 


also available. BUILD 
} 


BUILDERS-PROVIDENCE 
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——— SALES OFFICE: 
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- 
———— General American 
TRANSPORTATION CORPORATION 
—_—~~~~—=e process equipment e¢ _ steel and alloy plate fabrication 


OFFICES: Chicago, Louisville, Cleveland, 
Sharon, Oriando, St. Louis, Salt Lake City, 


————— 517c Graybar Bldg, New York 17, N. Y. 
WORKS: Sharon, Pa.; East Chicago, Ind. Pittsburgh, San Francisco, Washington, D. C. 





General p$mericau Louisutlle 
ROTARY DRYERS 





Louisville Rotary Dryers, as de. 
signed and built by General Ameri. 


can, offer a continuous, efficient and 


economical means of drying muni. 
cipal wastes such as sludges, screen. 
ing and garbage. 


In all Louisville Rotary Dryers, 
the material to be dried is fed con- 
tinuously into one end of the dryer 
cylinder, is tumbled in either direct 
or indirect contact with the heating 
medium and discharge — also con- 
tinuously, and at the desired dryness, 
— from the opposite end of the 
machine. 


General American maintains lab- © 
oratories and pilot plants in order to 
determine and recommend the cor- © 
rect type of drying equipment. In 
some instances, entirely new drying 
techniques have been developed for 
materials which have formerly 
baffled all attempts to rotary con- 
tinuous drying. 


Other General American Products 
Sludge Gas Holders 
Turbo-Mixers 
Sludge Filters 
Tanks © Stacks 
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The cost of converting your sewage sludge into a valuable fertilizer is 
definitely less than the cost of incinerating or burying it. Incineration 
calls for a capital investment for the incinerator, often special drying 
equipment, as well as labor and fuel. Burying requires trucking, con- 
siderable labor, and frequently payment for the use of a burial site. 
Less manpower is needed to produce fertilizer with the Royer Sludge 
Disintegrator than either burying or incinerating, and these inexpen- 
sive machines withstand years of abusive service. 

One man operates the Royer, and all that need be done is to shovel 
the sludge cake into the hopper. The Royer does all the rest, and it 
will handle sludge cake containing up to 60°, moisture. The Royer 

thoroughly shreds, mixes, aerates and further dries the sludge. 

Sticks, stones and trash are automatically removed. The machine 

discharges onto pile or truck an effective, ready-to-use fertilizer. 

Even if this fertilizer is given away, you would be money ahead, 
as compared with the cost of incineration or burial. However, very 
little of the huge volume of fertilizer produced by Royers is given 
away. Sewage works using Royers find a ready market for their 
fertilizer, especially among growers of food crops. What was 
formerly an expense item, is thus converted into a permanent 
source of revenue! 

Twelve models—electric motor, gasoline engine or belt-to- 
tractor driven. All these are shown in our Sewage Sludge 
Utilization Datalog, which also contains comprehensive in- 
formation on the fertilizing value of sewage sludge. Your 

copy awaits your request. 





ROYER FOUNDRY & MACHINECO. | 


170 PRINGLE ST., KINGSTON, PA. 
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| | 
a Community with the RIGHT IDEA 


Aeration and final sedimentation in a single concrete structure of minimum 
dimensions . . . simple, smartly modern, proved efficient: that is the ont 
Yeomans “‘Aerifier” Package sewage treatment plant. 


Tailored and “packaged” to fit specific needs, Yeomans “Aerifier” 
produces crystal clear effluent at exceptionally low over-all plant ol 
cost. It is ideal for small communities up to 3000 persons, and for isolated 
institutions and industrial plants. 


Operation is simplified to a daily routine check. All units are open 
for visual inspection . . . clean, free from odors. ~ 


Yeomans “‘Aerifier” installations include final adjustment, 
initial factory operation, and thorough training of operators. And 
Yeomans engineering counsel is always available. 


A complete recommendation with construction cost estimates and 
application engineering will be furnished promptly on request. 





Yeomans Brothers Company 


1423 NORTH DAYTON STREET . CHICAGO 22, ILLINOIS 
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Why tree air has become 


less expensive ar 








Compressed air has over 600 industrial uses. And that 





























air isn’t free. It costs as much as the expense of the 
machinery that compresses it. In the last decade, in- 
dustry has demanded more and more compressed air 
until now air as an industrial material is consumed by the millions of tons. It 
takes more than a ton of air to melt a ton of iron; more than 400 pounds of 
oo? ” air to spray a pound of paint. 
wo f ° ° ° . . 
grt NS te ent OH Dresser Industries is constantly at work engineering down the cost of moving 
& oor ie : ‘ ° 
youn godt al oo air. And what goes for air goes for any other gas. Whatever the job calls for— 
pnt pete millions of cubic feet of natural gas at 2,000 pounds per square inch for putting 
; the final squeeze on an exhausted oilwell, or a precisely measured stream of 
\eo™ \it. - ° ° . ° i 
coer aero air for supercharging—Dresser has engineered the right type of equipment. k 
gant at Mio as It may be a Clark compressor built on the “Angle” principle to deliver more 
ro. , . : ; 
pay * gator horsepower per unit of space than any other gas engine-driven compressor; it 
0 vw anit ° e.° ° ° 
ponstoo gon may be a Roots-Connersville Rotary Positive Blower engineered with such 
5 . . ° . es . . ° 
pness® “i oe canod® ingenious simplicity that there is virtually no maintenance needed; or an 
a on ° ° ° ° 
presse” jocot? om R-C Centrifugal, if that’s what’s needed. And, in every case, there is Dresser 
* ew . — : . . . . 
7 EaviP™ Onis Manufacturing Division’s unique flexible pipe coupling that prevents leakage 
et jow or vt. ° ° ° ° Be 
pnron Oe wees OO caused by vibration in air lines. 
ert o' , a , 
coluON aot, TOR? ot If air or any other gases are to be moved, or compressed, Dresser Industries, 
pee wngro” ° : : . . 
oe OO . Inc., can do it at lower cost with equipment-that is First to be new—Last to 
Kort ports ear out 
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NDUSTRIES, INC. 


TERMINAL TOWER - CLEVELAND 13, OHIO 
Geared to anticipate the course of industry 
Oil and gas equipment a specialty 
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You can 


LAY WATER PIPE FASTER 


when it’s easy-to-handle Transite 


— UP with the trenching machine is 
common practice when the pipe being in- 
stalled is Transite! 

Crews can unload and install this easy-to- 
handle, asbestos-cement pipe quickly . . . lay all 
but the larger sizes without mechanical handling 
equipment. The Simplex Coupling cuts assembly 
time ... assures tight, yet flexible joints. 


And in addition, Transite delivers these /ong- 
term advantages: 


No tuberculation. Made of asbestos and cement, 
its initial high flow rate (C=140) is unaffected 
by tuberculation. Users never have to contend 
with excessive pumping costs resulting from this 
costly form of internal corrosion. 


High corrosion resistance —outside, as well as 
inside and all the way through! Thousands of 
Transite Pipe installations—many in highly ag- 
gressive soils—testify to its exceptional resist- 
ance to soil corrosion. 


Low maintenance. Transite’s tight joints, high 
uniform strength, great durability and proved 
corrosion resistance all add up to low main- 
tenance. Over the years, Transite Pipe has 
established an enviable record for economy in 
water distribution and supply lines throughout 
the country. 


For complete information, write for § Tha 
brochure TR-11A. Johns-Manville, Box 


290, New York 16, New York. JM 


Johns-Manville 
TRANSITE PRESSURE PIPE 


An Asbestos Product 
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WE'RE NOT GOING TO A FIRE... 
WE'RE GOING TO THE CONVENTION! 


Our representative and exhibit at St. Louis 
will tell some of the reasons why more than 
400,000 Mathews Hydrants are in use today, 
in every climate. In case of damage, the bar- 
rel, which contains all working parts, can be 
lifted out and a spare inserted. No pave- 
ment breaking, no digging, no dangerous in- 
terruption of service. The stuffing box, de- 
signed without bolts and nuts, is cast 
integral with the nozzle section. No water or 
dirt can get in, no rust can form. The revolv- 
ing nut and stem thread are kept dry and 
frost-free. 

For quick-changing the position of the § 
outlet, the head rotates a full circle 
simply by loosening a few nuts. A low- 
placed orifice drains all the water, pre- 
venting freezing. The revolving nut is 
capped with a malleable iron shield that’s 
resistant to wrench-wear and protects the 
nut against rain and snow. The valve opens 
against and closes with the pressure. Oiling 
is done from the outside. The protection 
case is “Sand-Spun” for greater strength, 
elasticity, freedom from stresses. 

Is it any wonder that Mathews have led 
the world for three-quarters of a century? 
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PRESSURE DROP ACROSS UNIT IN INCHES OF WATER 





SAFE  scwace cas contro! 


”“ PRESSURE RELIEF AND 
FLAME TRAP ASSEMBLY 


PP y yet ete te 


Capacity curves are based on practically 
atmospheric pressure downstream. All sizes 
of Assemblies are designed so that a slight 
increase in upstream pressure above the 
initial opening pressure (Regulator setting) 
will open them to their full open position. 
Dotted lines in chart show capacities of 4” 
Regulator, set to begin opening at 6”H,O, 
with both 7”H,O and 10”H,O upstream 
pressure and atmospheric downstream. 
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FLOWS IN THOUSANDS OF CUBIC FEET PER HOUR OF 0.7 SP. GRAV. GAS (SEWAGE GAS) AT 60°F. 





THE PACE SETTER SINCE i - 


“VAREC” offers a simple, fool-proof unit—sensitively posi- 
tive operation—a positive flame trap. The fusible element Pe aay tg 
trLame Trae assemeiv 


melts at 200°F. and stops gas flow within 15 seconds. The 
element is so designed that shut-off valve cannot possibly 
close unless contacted by flame. The new “VAREC” Sewage 
Gas Control Handbook S-3 is packed with information, illus- 
trations, flow diagrams, charts and data of value to sanita- 
tion engineers. Write for your copy today. 


THE VAPOR RECOVERY SYSTEMS COMPANY This Unit consists of a diaphragm-operated Regulator, Flame 


Trap and Thermal Shut-off Valve. It maintains a predeterm- 

COMPTON, CALIFORNIA ined back pressure, passing surplus gas to the waste gas burner. 

NEW YORK CITY—CHICAGO. ILL.—HOUSTON. TEX.—TULSA. OKLA It stops Flame Propogation. Patented extensible Flame Trap 
- : . - : ; element simplifies inspection and maintnance. It is non- 


igencies Everywhere—tCable Address V AREC-COMPTON ( All Codes) corrosive Sizes 2” to 6”. 
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The user list of Stevens Type B Recorder reads like a Blue 
" Book. Reason — the instrument is particularly adapted to 
STEVENS waterworks, sewerage and industrial applications — and 
is equally suitable to any class of recorder service. 


TYPE B RECORDER 


Type B is really triplets. It records and indicates either head 
or rate of flow and registers total volume passed in any 


DOES oS JOBS WELL elapsed time. 


Circular charts are used and may be had for daily or 
weekly operation. 


-ARECORDS AND INDICATES HEAD OR FLOW “TOTALIZES FLOW 








The Type B is direct float operated or remotely controlled. 
Quality 8 day or electric clock is standard equipment. 

The recorder can be mounted on wall, pedestal, panel, or 

in sewer manhole. It can be hermetically sealed against 
corrosive fumes. 


Want more information about this 3-way wonder? Write 
for Bulletin 25. ; 





LEUPOLD & STEVENS INSTRUMENTS 
MANUFACTURERS SINCE 1907 
PORTLAND 13, OREGON 
Hydrographic, Surveying, Navigation, Automatic Controls 

ee ee oe Ee ee ee ee ee ee mm 

Leupold & Stevens Instruments 

4445 N. E. Glisan St. Portland 13, Oregon 

Please send Bulletin No. 25 on the Stevens Type B Recorder. 

Name 

Organization 

Title_ 

Street 
Zone = 


City 
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AX , / 
4 of aw oA . : a 
Well cracked sludge bed shortly after Aluminum Sulfate treatmeni, 


g e 7 i f) N . General Chemical Alum speeds sludge dewatering and drying on sand beds... 


capacity of beds may be doubled, even tripled . . . quick removal lessens chance 
g [ lj f) 5 of odor nuisance . . . reduced volume of cake decreases cost of removal. Sewage 
works operators the nation over count on the benefits obtained from Alum 
treatment throughout the year. 
Why not learn what General Chemical Alum will do in your plant too? Full 


information may be obtained quickly from the nearest General Chemical Sales 





and Technical Service Office listed below. 


GENERAL CHEMICAL COMPANY 


40 RECTOR STREET, NEW YORK 6, N. Y. 


Sales and Technical Service Offices: Atlanta + Baltimore * Boston + Bridgeport (Conn) 
Buffalo + Charlotte (N.C.) * Chicago * Cleveland * Denver + Detroit * Houston 
Kansas City * Los Angeles * Minneapolis * New York * Philadelphia + Pittsburgh 
Providence (R. I.) * San Francisco * Seattle * St. Louis * Utica (N. Y.) * Wenatchee 
& Yakima (Wash.) 
In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wis. 
In Canada: The Nichols Chemical Company, Limited + Montreal + Toronto - Vancouve 


BOR ALIERIGADS LOUSTEN 
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+ EQUIPMENT for 
WATER and SEWAGE PLANTS 
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‘ull = the years Simplex users have continued 
to show their preference for Simplex on performance. 


Simplex Users SIN Simpler Hsew... 


7 SIMPLEX Equipment for 
Water and Sewage Treatment Plants 


















ales 


Y 

Meter Registers . . . Rate of Flow Controllers . . . Loss of Head and Rate of Flow 
) Gauges ... Elevation Gauges ... Sand Expansion Indicators ... Pilot Equip- 
on ment... Air Release Valves ... Air and Vacuum Valves . . . Venturi Tubes 
th and Other Primary Devices . . . Hydraulic Equipment of Special Design . . . 








SIMPLEX VALVE & METER COMPANY 


6743 UPLAND STREET, PHILADELPHIA 42, PENNA. 
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The Panama Canal, constructed with such huge dredges as the one illustrated, 
was officially opened to commerce in August, 1915. Interest in the project had 


been active since 1850, and its completion was a major engineering triumph. 


Bitumastic Enamel — introduced in the early 1850's — had a long record of 
excellent performance as a protective coating, and was applied.to the lock gates 
and penstocks of the Panama Canal in 1912-14. Inspected in 1925, enamel and 


steel showed no deterioration from the corrosive waters of Gatun Lake. 


Today, Bitumastic Enamel, applied by the modern spun lining and coating 
process, has revolutionized the internal and external protection of cast iron 
and steel, water and sewer pipe. It affords positive protection against tuber- 
culation with no appreciable reduction in flow capacity, and has an initial 
Williams and Hazen coefficient of 155 for 16-inch pipe or larger. It has a high 
viscosity, great flexibility, and is further characterized by tenacious adherence, 


and dependable protection under severe soil stress and corrosion conditions. 


Waites Dove-HERmIiston 


Cc .e) R P 0 R A T I oO N 
WESTFIELD, NEW JERSEY 


New York 4 * Philadelphia 8 * Cleveland 14 * Chicago 3 * Houston 2 * Tulsa 3 * Miami 36 


San Francisco 10 * Los Angeles 1 
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Yat PER KNOWATT HOUR 


with Climax Engines utilizing COSTLESS FUEL" 


Two 75 H.P. Climax Sewage Gas Engines Direct 
Connected to Sewage Pumps, Kenosha, Wisconsin. 


sk Climax Engines, operating smoothly and efficiently on 

sewage gas, generate power for the equivalent of 4 cent 
or less per kilowatt hour. For a plant serving a population of 
20,000 or more, this 4 cent cost rate would include all costs 
—maintenance, lubricating oil, interest on investment and 
depreciation. In addition to this saving, 50% heat recovery 
from jacket water and exhaust may be used to heat digester 


tanks and buildings. 


a7 
Consider Climax Engines before op- 


proving a new installation. There are 4, 6, 8, 
and 12 cylinder, 4-cycle types that operate 
economically on gasoline, butane, sewage or 
natural gas. For complete information and 
specification bulletins, write Climax Engineering 
Company, Clinton, lowa. 
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0 YOU 


laow? 


..- That Waterworks NO-OX-ID No. 6 






















? does not become brittle with age? 
? does not require a primer for application? 
? imparts no taste or odor to water? 
? 


= contains proven rust inhibitors ? x 


? has exceptionally high C factor? 





? has high dielectric strength? + 
? is tough and flexible, never hard or brittle? 
? gives off no objectionable fumes in application? ¢ 


-~ 


excels in low water absorption? 


~ 


only requires a thickness of 1/32 inch for lining 
or coating for complete protection? % 


? does not cold flow ? 
? loses no volume by volatilization? 


? 


: maintains its bond? 


A high I.Q. in this test calls for a 





demonstration. Feel free to ask us to 








come to your office for that purpose. 


The ORIGINAL RUST PREVENTIVE’ 


Dearborn Chemical Company 

















oe Dept. Y, 310 S. Michigan Ave., Chi - 
, . gan Ave., Chicago 4, IIl. 
= es a2 me rm New York « Los Angeles « Toronto e oa 
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The Wilson Pulsafeeder operates on the positive displace- 
ment principle of the horizontal reciprocating pump. The 
exclusive Pulsafeeder feature, however, is an hydraulic- 
ally-balanced diaphragm which isolates the piston and 
cylinder from the chemical solution being pumped. No. 
contamination of water supply by the pump; no corrosive 
attack on pump parts by chemical solutions. 


a 


Morecerasececrasesecsse7 
f seceeeee: 





DISCHARGE 
POSITION 


SUCTION 
POSITION 















* ISOLATES CHEMICAL SOLUTION 
FROM OPERATING PARTS 


* NO PACKING GLANDS 





x« BALANCED HYDRAULIC 
PRESSURE 





POSITIVE DISPLACEMENT 
PISTON PRINCIPLE 











PATENTS 
APPLIED FOR 









Long life of chemical feeding 
equipment and protected purity of 
your water supply is assured by the 
Wilson Pulsafeeder, the balanced-diaphragm Hypochlorinator and chemical feeder. Its 
rate of flow is continuously adjustable while in operation. Meter-controlled model main- 
tains exactly proportioned feeding regardless of rate of water consumption. Sealed 


lubrication—all moving parts, except the motor, running in oil. Write for new illustrated 





description and specifications. Process Equipment Division, Lapp Insulator Co., Inc., 
117 Maple St., LeRoy, N. Y. 
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Clay Pipe does the job right, and lasts 
longer than any other material... because it 
never wears out. Enduring clay, shaped under 
great pressure and vitrified at fusing tempera- 
tures, produces the hard, strong, finished pipe 
that has no equal. Properly installed Clay Pipe 
does not require periodic or frequent replace- 
ment. Because it is chemically inert, it defeats 
corrosion, crumbling and rust problems that 
make other sewers short-lived. 


And for extra-heavy live or static loads 
where vehicles roll, where the back-fill is unusual 
or the trench shallow, where it is desirable to 
eliminate or reduce cradling or casement costs 
... Extra-Strength Clay Pipe does an outstanding 
job. 


WATER & SEWAGE WoRrKS, April, 1946 


| 


For information or engineering litera- 
ture from one of the regional association offices, 
write to: 


National Clay Pipe Manufacturers, Inc. 
111 W. Washington St., Chicago 2, Ill. 
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NOW!...POSITIVE 
PROTECTION from 


a 
for Instruments, Regulators, 
i asives Pumps, Traps, Meters, etc. 














(1600 holes per square inch) available on special onde 
pressures up to 125 p.s.i. Sizes 4” to 2” available for. ithr 
delivery. 

For informative bulletin, write McAlear 
Manufacturing Company, Automatic Control Di- 
vision of Climax Industries, 1949 S. Western Ave- 
nue, Chicago 8, Illinois. 








"| FOR PROCESS INDUSTRIES im aammeeiyend rugged, it es- 
2biisl es new standards of sensitiv- 


* yor HEATING APPLICATIONS 





TANDARD temperature range: 140°: .9% GE. 
to 180° F. Sizes: 42 to2inches. Con¥" 
struction: Union ends, double portie® 
bronze body, bulb and fittings\y" 
standard. Spiral wound, brass,.: 
armored tubing standard length 8 
feet. Other sizes available in ranges 
of 40° each from 70° to 260° F. 
This new McAlear No. M-3101 in- 
EXTRA SENSITIVE, accurate, easily corporates all the advanced fea- 
adjusted new McAlear No. M-3101 tures developed by McAlear in 35 


(self-powered) Temperature Regulator years of building temperature con- 
for steam, water or gas. trols for heating and processing. 
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POLLUTION REMOVAL 
EQUIPMENT BY THE | 
HARDINGE COMPANY = | 2 2%, 


Automatic Backwash 
Rapid Sand Filter © Fescuwass1 


This effluent filter is particularly Tyaey | 7 WASHWATER 
valuable where high removal of * ‘ : a 
' r TT | ic 


suspended solids is desirable, 

but where high removal of B.O.D. 

may not be necessary. In such 

cases, following the primary 

clarifier, it provides 75%-80% 

removal of suspended solids; = 7 

90% or better if chemicals are bern 
added. Also efficient in produc- ‘™~ 
ing final effluent of high clarity 

from settling tanks in trickling 

filter and activated sludge plants. 























& 


Rectangular Tank Clarifier « Circular Tank Clarifier « 


Consists of a bridge crane which spans width of the The rotating sludge scraper is supported and operated 
tank and supports the sludge scraper and skimmer. It from two beams which span the tank top. Clarifier 
moves automatically back and forth along the tank, driving mechanism is entirely enclosed in waterproof 


moving all settled solids into sludge hoppers at one end. drive housing which is neat in appearance, yet rugged. 








for sewage treatment, water treatment, and industrial wastes—such as 
0 TH F - 4 AR D | N G F E 0 | | - M F NT Hardinge Digesters—are described in the following bulletins: 30-A, 
31-D, 35-B. Request these bulletins by number for complete data on 


| Hardinge equipment in these three fields. 











HAR ) | N E E COMPANY, INCORPORATED °* YORK, PENN 
NEW YORK 17—122 E. 42nd St. * 205 W. Wacker Drive—CHICAGO 6 
SAN FRANCISCO 5—50! Howard St. * 200 Bay St.—TORONTO | 


— 
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We join with our customers in welcoming the return of many of their employees 


from military and other national service to the positions they held in offices and plants. 





We share the natural pride your employers take in your service to the nation and the 
hopes they have for your future. 
Our representatives have already had the pleasure of personally greeting many of you who 


have served . . . they look forward to renewing their associations with all of you. 


COLUMBIA ESSENTIAL INDUSTRIAL 
CHEMICALS 


Soda Ash * Caustic Soda * Liquid Chlorine PITTSBURGH PLATE GLASS COMPANY 


* Sodium Bicarbonate °* Pittchlor (Calcium 


Hypochlorite) * Silene EF (Hydrated COLUMBIA CHEMICAL DIVISION 


Calcium Silicate) * Calcium Chloride * 
VENUE BELLEFIELD «+ P 
Soda Briquettes * Caustic Ash * Phosflake re - SU TESUROS 80, FA. 
* Calcene T (Precipitated Calcium Car- CHICAGO + BOSTON + 8T, LOUIS + PITTSBURGH + NEW YORK + CINCINNATI + CLEVELAND 


bonate) * Modified Sodas. PHILADELPHIA * MINNEAPOLIS « CHARLOTTE + SAN FRANCISCO 


| COLUMBIAQ}EHEMICALS 
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Long Life 


If humans lived as long as elephants, 
perhaps more thought would be given 
to the life expectancy of VALVES and 
FIRE HYDRANTS. 


You can earn the blessings of future 
generations by using the Best equip- 


ment on that Post War Project. 


Since the days of the Pioneers, the 
name “RENSSELAER” has been an 
assurance of highest quality. What 


better guarantee could you ask today? 


“IT have always insisted that quality 
is of first importance.” 


(Quotation from the letters of Mr. E. 
Rowe, Founder of the Rensselaer Valve Co.) 


ee 
eee fn eels so 


“Ask the man who uses RENSSELAER” 


RENSSELAER VALVE CO., TROY, N. Y. 
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CAN BE SAVED 
IN THE LAYING OF 
BELL and — WATER MAIN 


a 7 
a for jointing, 


it isn’t necessary to let trenches stand open for days 
or weeks waiting for joints to seal and leaks to stop. 
Thiokol, the plasticizer in Tegul-MINERALEAD, 
reduces initial leakage. Trenches can be back-filled 
almost as soon as joints are poured. Traffic hazards 
due to open trenches are minimized. Premises can be 


tidied up quickly. 


Tegul-MINERALEAD saves in both laying and 
maintenance. Its 10 Ib. ingots are convenient to handle, 
store and ship. Physical composition cannot be upset 
under jolting en route to you. Tegul-MINERALEAD 
reaches you as correctly mixed as when it left our plant. 


Sudden storms or floods which might spoil some 
compounds if left unprotected, have no effect upon 
Tegul-MINERALEAD solid ingots. Even drying out 


is unnecessary. 


Tegul-MINERALEAD joints have much higher 
resistance to mechanical and thermal shock — not to 
be overlooked where nearby heavy traffic or heavy 
plant machinery operates — or water at high tempera- 
tures is to be carried. 














An ATLAS representative can be reached at 
the nearest office listed. For illustrated 
technical literature, write our Mertztown Office. 


PRODUCTS COMPANY OF PENNA. 

MERTZTOWN PENNSYLVANIA 
*ATLANTA 3, Ga., 161 Spring St., N. W “KANSAS CITY 2, Kan., 1913 Tauromee Ave. 
*CHICAGO 1, II!., 333 No. Michigan Ave NEW YORK 16, N. Y., 280 Madison Ave. 
*DALLAS 5, Tex., 3921 Purdue St PITTSBURGH 10, Pa., 4656 Old Boston Rd. 
*DETROIT 2, Mich., 2970 W Grand Bivd ST LOUIS 8, Mo., 4485 Olive St 

THE ATLAS MINERAL PRODUCTS COMPANY OF CALIFORNIA, Redwood City, California 

“DENVER 2, Colo., 1921 Blake St SAN FRANCISCO 7, Calif., Rensselaer Valve 
*HONOLULU 2, Hawaii, U S.A Co., 115 Townsend St. 


Ps “SEATTLE 4, Wash., Rensselaer Valve Co., 
LOS ANGELES 12, Calif., 817 Yale St 1252 First Avenue, $ 


*SALT LAKE CITY 11. Utoh, 1212So. State St *Stocks carried af these points. 
IN CANADA: Atlas Products are manufactured by 
H. L. BLACHFORD, LTD., 977 Aqueduct Street, Montreal, P. Q. 
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TYPE GA .............. ; 1 or 2 cylinders 
25 to 110 horsepower 


Cooper-Bessemer 


Atmospheric ....................... 135 to 400 horsepower | l \\ ) L, \\ * R e l i | b e 


TYPE EN ...................... 6 or 8 cylinders 
Supercharged, .....................185 to 550 horsepower 











* Efficient « Enduring 





TYPE GS 5, 6. 7, or 8 cylinders 
Atmospheric 290 to 750 horsepower 
Supercharged 310 to 1000 horsepower 








TYPE JS cnonseias 6. 7. or 8 cylinders 
Atmospheric sesseeeseeeee 410 to 930 horsepower 
Supercharged ................... 550 to 1260 horsepower 














TYPE LS adieu sal 6, 7, or 8 cylinders 
Atmospheric ............. 650 to 1280 horsepower 
Supercharged ................. 880 to 1730 horsepower 








THE COOPER-BESSEMER CORPORATION 


Mount Vernon, Ohio — PLANTS — Grove City, Penna. 


25 W. 43rd St., New York, N. Y. Investment Building, Washington, D. C. 1701-05 Arcade Building, St. Louis Mo. 
1814 Mercantile Bank Building, Dallas, Texas 529 M & M Building, Houston, Texas 631 Spring St., Shreveport, La 
201 E. First Street, Tulsa, Oklahoma 640 East 6lst Street, Los Angeles, Calif. 570 First Avenue, S., Seattle, Washington 
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GENTRILINE CORPORATION 


148 CEDAR STREET ° NEW YORK 6, N.Y 


Restores and Protects Pipe-Line Carrying Capacity 


; The Centriline process is a rapid and economical method of reconditioning pipe lines 
of 30” and larger. It consists of first cleaning the main, then applying by centrifugal 


force a dense cement mortar lining of required thickness, mechanically troweled to 





a smooth finish. This is done underground, in place. 


ONCE again Centriline was elected 
to service the nation’s capital—and do 
another important reconditioning job 
for the Water Department of the Dis- 
trict of Columbia. Nearly 30,000 feet 
of cast-iron pipe, varying in sizes from 
30” to 48”, were cleaned and cement 
lined—speedily and economically. 
This sleek new lining will provide a 
non-corrosive, non-tuberculating sur- 
face to shield the underlying metal— 
assuring a permanently high coeffi- 
cient and increased longevity. 
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Original Woodcut by Lynd Wai 
Centuries of service have established the long life and low 
maintenance cost characteristics of cast iron pipe. The science 
and art of making pipe has progressed steadily over these 


hundreds of years. We would welcome 





those who specify, buy, or use cast iron pipe, 


who wish to visit our plants and 





research laboratory to witness our current 





manufacturing process and controls. 
These modern methods result in a finer, 


more uniform pipe, 


either pit cast or centrifugally cast. ’ .S PIPE & FOUNDRY CO. 
General Offices: Burlington, N. J. 


Plants and Sales ces throughout 
° the ot A. 
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fetting Effective Diffusion In 
Activated Sludge Treatment 


The most practical and economical modern method 
of complete sewage treatment is generally recognized 
as being Activated Sludge Treatment by air diffusion. 
Its many advantages in accomplishing satisfactory 
results under the most critical conditions are well 
known to sanitary engineers. 


In selecting the correct diffusers for optimum results, 
careful consideration of many factors is necessary. 


Characteristics of tanks, blowers, and piping as well 


as the size, shape, permeability and arrangement of 
diffusers are only a few. More important, the nature 
of these factors varies for each individual design 
application. 


This specialized character of diffuser a 


has long been recognized by The Carborundum 
Company. To help solve the many problems it pre- 


sents, we have put together a practical organization 
of experienced engineers. 


These engineers are available to consult with de- 
sign consultants, superintendents, contractors and 
others. These men are familiar with the field of sew- 
age and sanitation. Their knowledge is gained from 
dealing daily with the peculiar problems presented. 
Their experience covers a wide variety of diffuser 
applications. They welcome the opportunity for 
discussion. 


Give us the opportunity to show how this combi- 
nation of knowledge and experience can prove a 
practical help in getting most effective diffusion. 
There is no obligation, of course. Write Dept. O-46, 
The Carborundum Company, Refractories Division, 
Perth Amboy, New Jersey. 


DIFFUSER MEDIA 


By CARBORUNDUM 


TRADE MARK 


*Carborundum” is a registered trademark which indicates manufacture by The Carborundum Company 
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... it’s the key to an 
important Transite economy 


HAT LONG 13-foot section of Transite Sewer 

Pipe you see in the photograph is one reason 
why handling costs are lower with this modern 
asbestos-cement pipe. Long lengths mean fewer 
joints to assemble—and, together with Tran- 
site’s light weight, fewer man-hours to lay this 
pipe to line and grade. 


Lower handling costs are one of several far- 
reaching economies possible with Transite 
Sewer Pipe. Others include: 


Lower excavation costs. Because of its low friction 
coefficient (n = .010), Transite Sewer Pipe has an 
unusually high flow capacity. Thus, flatter grades, 
with correspondingly lower excavation costs, are 
often permitted. 


~ 


- 


~*~. 
a 


designers sometimes take advantage of Transite’s 
high flow capacity to use smaller diameter pipe. 
Reduced treatment costs. Transite Sewer Pipe joints 
combine tightness with flexibility and so guard 
against infiltration. Fewer, tighter joints reduce load 
at disposal plant, help keep treatment costs low. 
Smaller treatment plants. Possible because Transite 
minimizes infiltration. Where new plants are being 
designed, substantial savings in the initial cost of 
construction and equipment may be effected. 

More details on Transite Sewer Pipe for grav- 
ity lines are given in brochure TR 21-A; on 
Transite Pressure Pipe for force mains and water 
lines, in brochure TR 11-A. For copies, write 
Johns-Manville, Box 290, New York 16, N. Y. 


Johns-Manville 


TRANSITE SEWER PIPE 5 
for gravity lines 


“— 


TRANSITE PRESSURE PIPE 


for force mains 


~ ro he *.. . a 
. Serre : Fe “>. * ra, 
fn a nat es ec FP th te 
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The assured protection you get when yours when you specify DIAMOND 
you buy Diamond Liquid Chlorine comes LIQUID CHLORINE. 

from the dependable uniformity of this Shipments are made in cylinders, multi- 
high quality product. Protection—plus unit cars, or tank cars, according to your 


confidence in continued protection—is requirements. 


DIAMOND ALKALI COMPANY 


PITTSBURGH, PA., and Everywhere 


AMOND LIQUID CHLORINE 
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CHEMICAL RAW WATER 


NY |} 


NT 


CLARIFIED 
WATER 

















CONCENTRATOR 
DISCHARGE 














BLOW- OFF AND 
DRAIN 





SECONDARY MIXING@ REACTION ZONE © 












=| DRAFT TUBES 


CLEAR WATER ESCAPE 
SURFACE 








— HOOD 





SLURRY POOL INDICATED 
BY DARKENED AREAS 








One compact unit 
combines all steps 
in water pre-treatment 


A product of Infilco research. 


Here’s a departure in water treating methods that will 
amaze you. It’s rapidly becoming the standard method. 
It’s the Infilco ACCELATOR. As to performance... 
the ACCELATOR pictured above pre-treats 1500 
gallons of water per minute—in one-fifth the space 
needed by a conventional plant of equal capacity. 
Performance is equally as spectacular for ACCEL- 
ATORS of all capacities. 


This tested method, the ACCELATOR method, 
was developed by Infilco research to combine the 
functions of rapidmix, coagulation and sedimentation. 
But the ACCELATOR does this and more. 


Based on the principle of continuous re-circulation 
of chemicals and water, ACCELATOR treatment is 
always uniform. Chemicals are used sparingly and 





Typical ACCELATOR installation. This unit 
softens 2.2 million gallons of water daily. 


effectively. Water reaches equilibrium in a matter of 
minutes—often eliminating the need for recarbona- 
tion. And there’s no need for auxiliary sludge thickeners 
—with the ACCELATOR sludge removal is contin- 
uous and automatic. 


Used for softening .. . clarifying . . . stabilizing, 
ACCELATORS are regularly reported to product 
results superior to those obtained with conventional 
type plants. Write for your copy of the What, How 
and Why of the Accelator. INFILCO INC., 325 
West 25th Place, Chicago 16, Illinois. 
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[The massive concrete chambers of the South Side Filtration 
Plant in Chicago pictured above are free to move (as all con- 
crete structures must with temperature change and settling) 


r foreign matter getting into the 


without danger of leakage 
purified water. To a large extent this is made possible by the 
use of Servicised Para-Plastic compound to seal the joints in 
the structure, so that regardless of movement they stay sealed. 


In addition, Servicised furnished the premolded, resilient, non- 


extruding joint filler which was made to meet Federal Specifi- 





PARA-PLASTIC: is Waterproof, Extendable 
and Maintains Bond—through all Temper- 
«<4 ature Variations down to Subzero Weather 


79th Street and 
os al "a the Lakefront 
. USED tad all dott Oo ao he 
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cations HH-F-341. In general, we recommend for use on all 
concrete construction required in connection with either water 
works or sewage treatment, Servicised Cork or Self-Expanding 
Cork Joint Filler combined with Servicised Para-Plastic Joint 
Sealing Compound for a perfect job. 


Para-Plastic is scientifically made to meet all needs for water- 
proofing concrete joints and it is given numerous tests in our 
laboratory prior to shipment. One of these tests is pictured 
below. 
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The above view showing the “Bond Test” gives only a small 
interior section of a large specially constructed Freezing Unit 
with powered “separators” where hundreds of small samples 
of Para-Plastic are tested for Bonding Power and Extenda- 
bility at O'F. 

Para-Plastic is applicable for a great variety of uses: besides 
heing a hot pouring compound it is also made into a number of 















premolded forms. The wide classification of Expansion Joints 
makes it important that the right joint material and form be 
selected in each instance. There is not a better guarantee of 
safety for your investment than this assurance. SERVICISED 
Laboratories and Engineering Departments are ready at all 
times to assist with your joint sealing problems and to offer 
recommendations gratis on the basis of experience gained in this 


field during the past 25 years. 






6051 West 65th Street, Chicago 38, mt 
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Everdur Metal well screen instal. 
lation made at Madison, Wis. by 
the McCarthy Well Company, St. 
Paul, Minn. Screen fabricated by 
Harringion & King Perforating 
Company, Chicago, Ill. Inset shows 
Mr. Howard Sechrest of Howard 
Machine and Welding Company, 
Madison, Wis. 
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270-Ft. EVERDUR 
Screen puts new life 
into Old Well... 


— of repeated cave-ins, one of the wells 
operated by the Water Department of the City 
of Madison, Wisconsin, had to be taken out of sery. 
ice. Service was restored by installation of a welj 
screen of Everdur* Metal. 


States Mr. L. A. Smith, Superintendent, “It was 
clear that the life of the well would be dependent 
upon the life of the screen. The material finally se. 
lected was Everdur Metal, the life of which was esti. 
mated to be at least 25 years.” 


The accompanying photographs show installa. 
tion of the Everdur screen . . . 20 lengths totaling 
270’, 12” dia., 4g” thick with slots 1/2” long x 3/16” 
wide. 


For waterworks and sewage treatment equipment 
Everdur Copper-Silicon Alloys have proved to be 
highly versatile. Combining the corrosion resistance 
of copper with high strength and weldability, they 
make possible lightweight construction, assure long, 
economical service. 


For detailed information write for Publications 
E-11 and E-6. 4620 


Reg. U. S. Pat. Off. 
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COPPER-SILICON ALLOYS 
THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: ANACONDA AMERICAN BRASS LTD., 
New Toronto, Ont. 




























SURGEMAST 
CON 





ee 


ie Serta i 

















: CLAYTON VALVES wiLL 


ing 
16” 
.\ | > + 

MEET YOU IN “Saint Looie” 
ent 
2 The new CLAYTON HYDROMATIC Valve with 
7 Surgemaster is just one member of the Clayton 
ag, 


Line you’ll meet at the Convention in St. Lowis in 
May. CLAYTON Float Valves, Altitude Valves and 
others will also be on hand to greet you. It will pay 
you to drop around to the Clayton Exhibit and get 


better acquainted with the many exclusive features 





SURGEMASTER made possible by Clayton design and construction. 
provides no-surge, 
no-slam control. 

P.S. If you don’t get to the Convention, 


write for Engineering Data now. 


CLAYTON RESIDENT ENGINEERS IN PRINCIPAL CITIES 


VALVE DIVISION 


AY TON 
ee wend ’ ee 


MANUFACTURING CO. 


CHICAGO * ALHAMBRA, CALIFORNIA * PHILADELPHIA 
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Complete engineering data: 
applications, experiences and 
recommendations are con- 
tained in our Bulletin No. 40. 
Write today for your copy. 


The Chapman Valve Manufacturing Company 


Indian Orchard, Massachusetts 
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Water! 

yer picture this month has no connection with 
Ou vic in the issue. It was chosen, not alone for its 
any article but also because this impressive picture was 
sae Ee of Oregon’s snow-fed watersheds serving 
made at Albany in the Willamette Valley. 
Salem te magnificent -icture we are indebted to Ray C. 
~~ wipales Manager, National Tank & Pipe Co., Port- 


Hansen, * 
Jand, Ore 








COMING! 


. os ° a 
ling ard Maintaining Services and Meters 
: the installation and maintenance of 
rvice lines and meters which are employed by Winnipeg, 
vada. Those who know the author, or are familiar with 
— sublished by him, will need no further encouragement 
—* the look-out for his article in our May issue. The 
aes believed to be Canada’s youngest City is— 


‘Insta Boag 
Reveals practices In 


Engineer, 


WM. D. HURST, 
City Engineer of Winnipeg, Canada. 
. ” 
marking : 
— article describing the valuable installment of the 
miemark” and its dependability and uncanny accuracy 
, long-distance transmission of important water elevations 


Miami, Fla., over a simple telephone circuit actuated by 
5 single 15 volt dry cell battery. As the author points out, 
his system also has other applications of interest to water 
nd sewage works operators. The contributor — 

Cc. F. WERTZ, Resident Engineer, 
Dept. of Water and Sewers, Miami, Fla. 


4 ” 

“Control of Sludge Bulking 

ils an article of interest to all operators of activated sludge 
sants—especially at this time of the approaching season of 
sudge bulking. This article, like another of recent publica- 
tion date, has to do with the judicious and effective adapta- 
‘on of return sludge chlorination as the corrective for bulky 
dudge conditions and loss of solids over the effluent weirs. 


% simple and efficacious has been this method that we 
nsider it expedient to publish this helpful account re- 
vested of— 


J. KENNETH ADAMS, 
Supt. of Sewerage, Tenefly, N. . 


‘Mathematics For Water and 


Sewage Works Operators” 

Will be presented in several parts 
May issue. This series of articles discusses the fundamen- 
tals of mathematical operations required in the manage- 
ment and operation of water and sewage works, and in- 
judes sections on fractions, decimals, percentage, propor- 
tion, physical units, rates, significant figures, graphs, log- 
withms, solutions, elementary hydraulics, and averages. This 
basic series of articles on mathematics, with examples of 
applications, is written by an experienced teacher of water 
and sewage works short schools— 

DR. WARREN EGLOF, 

Prof. Chem. of Eng., Niagara Univ., N. Y. 


‘The Control of Odors and Filter Fly Breeding” 


beginning with our 





Is a recounting of the most effective methods and pro- 
cedures for the control of odors from trickling filters and 
the control of the filter fly nuisance at sewage treatment 
plants. Up to date, this article describes the effective use 
of the well known “‘D.D.T."" in the eradication of the filter 
fy. The author is— 

A. A. HIRSCH 
State Dept. of Education, Baton Rouge, La. 
“A New Concept of Coagulation” 

Has been developed from considerations of gel formation 

and syneresis. Called the “protogel’’ theory, its application 


to the mechanism of coagulation and floc formation is com- 

pared to the current agglomeration theory by its proponent— 
HAROLD R. HAY, Chemical Engineer, 

Philadelphia Quartz Co., Phila., Pa. 


——>-—~ 
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Now it is with pleasure and satisfaction that i ‘Teport td 
you, that our judgement in making such choice has been vindicated, 
The quality of workmanship and material in the individual meters 
together with the interchangeability of parts and the proven long 
time accuracy have kept the Water Department revenue high and the 
meter maintenance low. These factors have also been valuable 
during the war and the period following, when both meters and part 

ave been difficult to obtain. 


-_ 














——_—_ 
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his paragraph lifted from Mr. Moser’s letter tells 
the Trident performance story . . . sustained accuracy 
... maximum revenue ... low maintenance cost. It is 
all the more convincing because, for nearly 32 years, 
the City of La Crosse, Kansas, has standardized on 
Trident Meters. A wise move for your community to 


consider! 


NEPTUNE METER COMPANY ¢ 50 West 50th Street ¢ New York 20, N.Y. 
Branch Offices in CHICAGO. SAN FRANCISCO. LOS ANGELES. PORTLAND. ORE.. 
DENVER. DALLAS. KANSAS CITY. LOUISVILLE. ATLANTA. BOSTON. - 
Neptune Meters. Lid.. Long Branch. Ont.. Canada 
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O my Mother do I dedi- 
C cate this special issue, 

which was in the course 
of production as she lay peace- 
fully sleeping. and slipping off 
into eternity as quietly and 
serenely as she had lived. 
~ She was a beautiful woman 
of the Old South—a daughter 
of Colonel Walter Harrison of 
Pickett’s Brigade of Virginia 
“Suh”! Strange as it may seem, 
one of those “D Yankees” 
came to Richmond, wooed and 
won her after a long secret 
courtship. in part under moon- 
bathed magnolias, because 
family approval of the young 
Yankee suitor was not to be 
had. Then. into social exile 
went a devoted young wife “to 
love, cherish and obey”—to 
live her own life out in the 
country, and raise a family 
which came along in rapid 
order to fill her highest wish 
that “all her troubles be little 


She was a Godly woman, 
spending her spare moments (made possible by our colored 
gems—* Beckie” Williams, our long time faithful cook, and 
our old nurse “Mammy” Lizzie, who she “inherited” after 
having been herself raised under the care of this adored 
woman) and also all her spare pennies, in getting a little 
Episcopal Chapel built for our new neighborhood out at the 
end of the trolley line. For a janitor, to see that our little 
“Chapel of the Ascension” was cleaned, the prayer books 
dusted. the fire built in the stove, and the bell tolled to 
call worshippers, she somehow felt that this “privilege” 
should go to her first-born—and, I leave it to the reader 
to imagine who this could have been. 

She never knew the feel of wealth. because what little 
there ever was of it vanished during and after the Civil 
War which cost Virginia so dearly and put her mother 
to music teaching to support a widowed family. She was 
taught. and also taught her own. that money was only 
a means to an end and that wealth meant nothing in 
itself. Although every real estate enterprise of the Enslow 
family which she engineered turned a profit, it was her 
policy to put most of such gains to the benefit of needy 
neighbor families, and toward support of the struggling 
little parish. This side of her personality I must attribute 
to her great grandfather. the Rt. Reverend Richard 
Channing Moore—longtime illustrious Bishop of Virginia. 

She was a Mother who felt that her children should 
fight their own battles—and, we had this to do. like it 
or not. While she didn’t raise her sons to be belligerent. 
she couldn't stand any signs of fear or cowardice. 
Well can I remember one incident. When a cer- 
tain red-headed cock of the walk in our neighborhood 
(“Mike™ A. by name) sent her oldest son home once 
too often with a bloody nose she appointed herself as 
“master of ceremonies” to see that this thing stopped. 
So. up the road went the “little general” with her army 
of one out in front to return battle. With “fair ladv” 
standing by wearing the colors a certain young Knight 


To Hy Mother 





; Marie Harrison Enslow 
— 18G68++1946 


renewed battle with his sorrel- 
topped-adversary—and her plan 
truly worked. Maybe the return 
engagement was only a draw, 
but be that as may a certain 
young mother never again ex- 
perienced the anguish of seeing 
on her young hopeful the teil 
tale blood flecked shirt or dam- 
aged proboscus. 

This characteristic of my 
Mother’s, exemplified in Vir- 
ginia’s revolution born motto 
“Sic Semper Tyrannis,” seemed 
rather difficult to explain when 
learning that all of her direct 
ancestral line were men of the 
Church of England—clergy or 
bishops—most of which were 
outright Tories and returned 
to England rather than turn 
against the Crown. And, this 
statement calls to memory the 
greatest joke that we children 
ever had on our Mother. After 
being asked to accept the re- 
gency of a new chapter in the 
D.A.R. a search in the records 
disclosed her Tory ancestry, 
without as much as a single revolutionary fife player on 
which to hang a right to membership in the D.A.R. So 
she had to forego the proffered honors—and switch her 
allegiance wholly to the Colonial Dames. 

Like many another Mother, mine was always an inspira- 
tion to me, even to the extent of my pledging troth with 
a “gal” taken more often to be her blood daughter than 
daughter-in-law. I knew that my Mother was watching 
whatever progress and success I was making in my chosen 
field. | knew that she would look forward each month to 
the arrival of Water Works & Sewerage. The honors and 
recognitions received by me were to her most important. 
That to me was worth more than any other aspect of 
such recognitions. And, | was as proud of her, for all 
that she had been and was, as she possibly could have 
been of me. 

I have often written editorials while rolling along cross- 
country—but, never one easier—or tougher to write than 
this, which is being penned as I travel to Richmond from 
Chicago on this sad mission, while my able associate and 
friend “Doc” Symons is back there carrying on in the 
interim, that this special issue may come out as scheduled. 

I hope that any possible display of over-sentimentality 
on this page will not seem out of place. To a Mother a 
son can owe a lot, and | feel that I could hardly do less 
than dedicate to mine an issue of a magazine in which 
she felt so great an interest, and which she had the sat- 
isfaction of seeing develop and grow until this very issue 
is in itself the top production for all time regardless of 
category—artistry, context, size, lucrativeness, 


To my Mother do I dedicate it- 
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CAVITATION IN PUMPS 


(Professor Emeritus of Mechanical Engineering, University 


HE destructive action of swiftly flowing 

water on its containing channels and on 
engineering structures has been no rticed by 
even the most casual observer who has 
looked upon the mighty gorges carved by 
rivers in solid rock, the damaging action of 
water on bridge piers and on dams, or the 
destruction wrought by waves. In natural 
channels, and on concrete structures such 
as dams, erosion is frequently due to abra- 
sive materials and to large rocks and tree 
trunks transported by the water. Large 
rocks often batter the outer surface off 
concrete and allow the water to dig out the 


materials below, and heavy tree trunks 
break the structures and allow eddies to 
form which may be destructive, as very 


turbulent water is very quick in its deteri- 


orating effects. 


The Pitting of Metals 


In this article, however, it is not this 
important problem that is being discussed, 
but another matter which more particular- 
ly affects the municipal engineer and his 
water or sewage plant, for machinery also 
is subject to the same type of damage as 
the concrete structures. Propellers of boats 
are often very badly pitted, and lose much 
of the metal in them, and at least one 
case is known where the propeller of a de- 
stroyer was so badly damaged by water 
that it had to be replaced after only a few 
hours running at full speed, and this in 
a case where the ocean water was the only 
source of trouble. 

All engineers having to do with water 
turbines are aware of the fact that holes 
otten appear in the metal, particularly in 
parts of the runner or rotating element, 
these holes frequently becoming so deep 
that the machines have to be shut down 
and the runners built up; or replaced at 
great expense. This shut down also entails 
a great loss of power output on account of 
the long time needed for repairs. 


The municipal engineer is much more 
familiar with the difficulties occurring in 
valves and in centrifugal pumps, where the 
water is usually clear and free from harm- 
ful chemicals, and the troubles cannot be 
ascribed to ordinary abrasion or to chem- 
ical action. The slower speed pumps ordi- 
narily give little trouble, but the use of 


By ROBERT W. ANGUS 
Consulting Engineer 
TORONTO, ONT. 


high speed motors and direct connected 
pumps has brought the matter forcibly for- 
ward. 

As an illustration of what may happen 
in pumps, the photograph shown in the 
top of Fig. 1, has been made from part of 
the shroud cut out of the suction side of 
an old cast iron impeller, this part being 
removed from the rest so as to make a 
good photograph. The shrouds of this im- 
peller were approximately % in. thick and 


of Toronto) 


the photograph shows that holes were 
eaten entirely through the metal, and that 
large areas were affected, mostly at the 
discharge ends of the vanes. The vanes 
themselves have been partially destroyed 
and, while this is a very old type of im- 
peller, it shows what can happen in a short 
period. Incidentally, this was one of the 
impellers, tried many years ago and later 
discarded, where half of the vanes only 
extended half way in, and it is evident 








Fig. 1. Done by Cavitation; 


Runner- 


Damage 





Top—Part of an Impeller; 


The part inside the circle has been chipped out before welding repairs. 
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that the water decided these short vanes 
were harmful and removed them, leaving 
only a faint trace of them to be seen in 
the figure. 





Fig. 2. Venturi Channel Used in 
Cavitation Studies 


The bottom portion of Fig. 1 shows a 
turbine runner damaged by cavitation. 


Causes of Damage 


At the outset it should be stated that 
damage to pumps may be due to several 
causes. In mines the pumps often handle 
very abrasive materials, and the same is 
true of pumps used on suction dredges, 
while in chemical plants the liquids 
pumped may even dissolve the metals. 
These phases of the subject seem to be 
more easily solved than is the case where 
the liquid is clear and free from harmful 
chemicals. Assuming the pumps otherwise 
correctly designed, the protection against 
abrasives and chemicals is primarily af- 
fected by the use of suitable materials in 
the pump parts. The Standards of the 
Hydraulic Institute, and also a number of 
books and catalogues, furnish lists of 
metals suitable to the different cases. Some- 
times even rubber linings are used to pro- 
vide against wear, and builders have been 
fairly successful in overcoming wear from 
abrasion, although, in some cases, even 
with the most suitable metals, wear is so 
rapid that a convenient and relatively cheap 
method of replacement of the worn parts 
is the only recourse. 

Generally speaking, however, water tur- 
bines and municipal pumps have to do with 
clear cold water, as was true for the pump 
shown in Fig. 1, and yet the damage goes 
on and causes much anxiety and trouble 
to those responsible for operating them. 
The deterioration of turbines has caused 
most concern, because of their costly na- 
ture, and the great loss of power involved 
when they must be shut down for repairs, 
for they must often be out of service for 
weeks while being re-conditioned. The 
damaged part may have to be completely 
replaced or the holes welded up with 
stainless steel or other material at great 
expense. While water turbines have always 
been subjected to the damaging effect of 
the water, it was really the extended use of 
the low head, high speed reaction machines 
that made it most acute. Of recent years, 
many protracted studies have been made on 
these turbines, by getting data from exist- 
ing plants and by setting up expensive lab- 
oratories in which various types of experi- 
ment could be made. 


Cavitation—What Is I+? 


These facts are mentioned because it ts 


very largely from these turbine experi- 
ments that we have learned what to do 
with pumps. The turbine and pump are 


identical in principle, subject to the same 
laws of flow and to the same “diseases.” 
The turbine studies showed that high speed 
machines were more affected than the 
slower rotating ones, and also that the 
trouble was greater the higher the machine 
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was placed above the tail water. The 
action is undoubtedly due to mechanical 
hammering of drops of water against the 
metal, thereby eroding the metal or caus- 
ing cavities, and this action has been given 
the name of “cavitation.” 

Strangely enough, cavitation damage 
does not occur in parts of the machines 
where the water has a positive pressure 
against its containing channels, but so far 
as can be observed, its effect is produced 
on surfaces where the water pressure is 
low, often much below atmospheric, and 
where there may be actual minute separa- 
tion between the actively flowing water and 
the metal. If there is large separation, ed- 
dies may form and another kind of action 
results. 

The mechanism of cavitation is not fully 
understood, although photographs with ex- 
tremely high speed cameras have been 
taken through glass-sided models, and 
many turbiné and pump builders have a 
cavitation stand where glass windows may 
be inserted in the model under examination 


1 


Fig. 3. Single Entry Pump of Low 
Specific Speed 








and the action observed by means of a 
stroboscope. 

To give a definite picture of the process, 
a Venturi tube, Fig. 2, may be used as an 
illustration inasmuch as the Venturi tube 
has been very largely used in cavitation 
studies. The tube illustrated has been 
shown, for’ clarity, with an exaggerated 
taper on the down stream end and, as used 
in most studies, it has a rectangular throat, 
instead of a round one; the up and down 
stream ends are also rectangular with all 
the rectangles of uniform width, so that 


the taper is all in one plane: thi 
: ; this allow 
the tube to be made with glass sides, = 


Picture of Cavitation 


For low velocities in the tube, and y 
to those in ordinary use with the Ventur 
meter, observations through the glass sides 
show that the water completely fills both 
ends and rubs against the walls. But a 
the velocity increases, a point js reached 
where the water is unable to expand and 
completely fill the down stream end, as il- 
lustrated, and a foggy area, hatched in the 
figure, is observed to form above and below 
the stream, and a little downstream from 
the throat. Simultaneously with the forma. 
tion of the foggy area, a noise is heard in- 
side the tube, this noise giving the impres- 
sion of pieces of shot being projected 
against the tube wall. If the walls have 
initially been polished, a few hours’ run- 
ning shows that, in the affected area, the 
wall surface has become dull, and in pro- 
longed runs will be definitely pitted, even 
though the metal is hard. 

In the tube there is, of course, a de- 
cided lowering of pressure near the throat, 
and high vacua may easily be produced 
there, although they never reach that of 
the barometer. The following explanation 
given of the phenomena seems to be rea- 
sonable. The flowing water contains, nat- 
urally, a small volume of air and often 
other gases, and these are probably in 
the form of small bubbles. In the upstream 
end these bubbles, which doubtless contain 
water droplets, are under pressure and of 
small volume, but as they approach the 
throat at high velocity, the pressure falls 
rapidly and the bubbles expand, and if the 
pressure is low enough, they burst with 
explosive violence, the contained particles 
of water flying out against the walls and 
producing almost incredibly high pres- 
sures, as the measurements show. These 
blows are so hard that no metal can stand 
against them, although ductile metals like 
steel resist much better than cast iron. The 
noise is rather distressing and is the first 
indication the operator has that cavitation 
is present in the ordinary machine. While 
in this case there is clear separation of 
the water and walls, similar experiments 
show that the same action occurs without 
visible separation, in the regions of low 
pressure. 

Photographs and direct observation bear 
out the probable correctness of this theory, 
which is further confirmed by the fact that 
damage in pumps is much more common 
in regions of low pressure than elsewhere. 

















Fig. 4. Impellers of Different Specific Speeds, Low N, on left; High Ns on right 
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High suction lift is to be avoided, as it 
roduces low pressure in the eye of the 
p mp. But this alone is not sufficient, for 
ibe pressure at the inlet end of the im- 
tler vanes is affected by the general shape 
of the inlet and the rapidity with which 
the water changes its direction and veloc- 
ity at entry. Anything causing a rapid ac- 
celeration of the water, or a quick change 
direction, will evidently result in a 


in its 
lowering of pressure and a tendency to 
cavitation. High speed pumps are in more 


danger than those of lower speed and 
hadly shaped vanes, particularly at the 
entry end, cause a very quick change in 
the direction of flow and resulting acceler- 
ation of the water with consequent pres- 
sure drop. Volatile liquids are more diffi- 
cult to handle, from this point of view, 
than heavier ones, and very careful con- 
sideration must be given all these points 
in every case. 


Relation of Pump Design to Cavitation 


A section of a single stage, single entry 
centrifugal pump is shown in Fig. 3. Con- 
sidering the eye of the pump and entry to 
the impeller, it is seen that, where the 
pump is set above the well, there will be 
a low pressure a due to this elevation, and 
this pressure is further lowered by the 
velocity head at A and the resistance loss 
in the suction pipe up to this point, as well 
as by the vapour pressure of the liquid. 

Undoubtedly, the general proportions of 
the impeller have an effect on this phe- 
nomenon. In large capacity, low head 
pumps, the entering velocity and the angle 
through which the water turns as it enters 
the impeller are usually greater than in 
high head small capacity machines, and 
more care must be taken in setting the 
former. Whatever the explanation, it is 
well known that the proportions and gen- 
eral shape of the impeller do have a 
marked influence on the tendency toward 
cavitation. 

Cross-sections, along the shaft axis, of 
a few typical forms of impellers are shown 
in Fig. 4, that at the left being for small 
discharge and high head pumps, while 
progressing toward the right hand side 
there is finally shown a form for low 
head and large discharge. While it is not 
desirable here to go into the mathematical 
proof, it may readily be shown that the 
shape and general proportions of the im- 
peller are indicated, curiously enough, by 
the numerical value of the expression 
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Fig. 5. Relation Between Specific Speed 
(N.) and Possible Suction Lift, as Given 
by Sigma, for Double Suction Single Stage 
Pumps. 


CAVITATION IN PUMPS 
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or what is briefly known as the specific 
speed, where N is the rotative speed rpm., 
G the discharge, and H the head in ft. 

Unfortunately, there is confusion of 
units with regard to the discharge, which 
is expressed here in United States gallons 
per minute, but sometimes Imperial gal- 
lons are used, and less frequentily cubic 
feet per second. 

In Fig. 4, the left hand pump has the 
lowest and the right hand pump the high- 
est specific speed of the three. 


The Cavitation Constant, Sigma 


Experience has shown that the height of 
the suction lift and the shape, as indicated 
by the specific speed, are the two main fac- 
tors entering into the cavitation problem. 
Largely as a result of his studies on water 
turbines, Thoma has suggested that the 
limiting suction lift, for each specific 
speed, depends on the velocity of the water 
entering the impeller, on the elevation of 
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Fig. 6. Effect of Cavitation on Efficiency 
and Discharge 





the pump, and on the barometric pressure 
corrected for the vapor pressure of the 
fluid being pumped. Thoma’s formula, 
which has been adopted very generally is 


B—h 


Sigma= —— 


where B is the barometric pressure re- 
duced by the vapor pressure of the liquid 
being pumped, h is the height of the cen- 
ter of the impeller above the well surface, 
plus friction loss and velocity head at the 
entry to the impeller, and H is the head 
pumped against; all the quantities are in 
feet and feet of water column. If the 
barometer reads 30 in. and clear water at 
70 deg. F. is being pumped (for which the 
vapor pressure is 74 in. mercury) then the 
corresponding value of B is (30—74) x 
13.6/12=33.1 ft. of water. 

This number, sigma, is called the cavita- 
tion constant, the numerator B—h is the 
pressure or vacuum due to the effective 
lift and the value of sigma is the same 
whatever units are used, so long as the 
three quantities are in the same units Evi- 
dently the maximum elevation of the pump 
corresponds to h=B ft., for which sigma 
is zero, and the larger the values of the 
coefficient the lower the pump must be set, 
and it may actually be at or below the 
well level. 

Experience of many pump builders in 
America has been combined, and as a re- 
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Decrease in water discharged - % 
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Free air admitted - % 
Fig. 7. Decrease in Discharge of Centrif- 
ugal Pump Due to Admission of Air 
Into Pumps. 


sult of data submitted by 24 of them, the 
Hydraulic Institute of New York has 
plotted a series of curves from which Fig. 
5 has been prepared; this diagram shows 
the approximate relation between the cavi- 
tation coefficient and the specific speed for 
double suction single stage pumps, but 
since the constant depends, to a small ex- 
tent, on the head as well as on the spe- 
cific speed, the curve is an average for all 
heads. Similar data are available for other 
types of pumps. This curve in Fig. 5 
shows the minimum value of sigma per- 
missible for safe operation with minimum 
danger of destructive cavitation; all pumps 
set with larger sigma, that is with smaller 
suction lift, are likely to have little trou- 
ble if they have been. properly designed 
and built. 


Relation of Sigma to Ns 


As an illustration, a double suction pump 
for 10,000 gpm. (U.S.) at 32 ft. head and 
1400 rpm. has a specific speed of 10,000 
and would have sigma about equal to 
unity. If B=32 ft., this pump could not 
have any suction lift and would have to 
be set below well level to provide for 
velocity head and resistance. Had the pump 
been designed for the same conditions but 
running at half the speed, its specific speed 
would be 5,000 and the corresponding sig- 
ma would be .37; the possible suction lift 
allowing for friction, etc., would be in- 
creased to over 20 ft., permitting the pump 
to be set at least 16 ft. above the well. 

An examination of Fig. 5 shows that 
sigma increases rapidly with the specific 
speed, that is, pumps of very large dis- 
charge and low head, running at high speed 
(such as pumps for lifting raw water on 
to filter beds or for circulating water in 
condensers) have a large value of sigma 
and must, therefore, have a small positive 
and often a negative value of h. This 
means that if cavitation is to be avoided, 
the pumps must be set close to or actually 
below the surface of the well. The high 
head, low discharge pumps may, on the 
whole, be set much higher. Evidently the 
lower the speed the less is the danger 
from cavitation so that, from the cavita- 
tion standpoint, low lift pumps particularly 
should run at as low a speed as possible. 

Pumps at or near the sea level may run 
with higher suction lift than those at 
higher elevations, and hot water and fluids 
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which vaporize at low temperatures must 
have a correspondingly low suction lift. 
Cavitation is more destructive to cast iron 
impellers than to steel or bronze, although 
experiments show that the grade of bronze 
has a very marked effect. 

In computing the specific speed, the dis- 
charge and head usually chosen are those 
corresponding to normal conditions and 
should, therefore, be those of best efficiency. 
As pumps are often run at other dis- 
charges and heads, it is evident that for 
these discharges there is a different sigma 
than for best output. For smaller dis- 
charges than normal the specific speed 
will be decreased and this will correspond 
to a lower sigma or higher suction head, 
so that in general the pump is safer from 
cavitation when running under reduced 
discharge, although if the discharge is re- 
duced sufficiently there may be some dan- 
ger of it due to the bad entry and exit 
conditions in the impeller. 

On the other hand, increased discharge 
renders the pump more liable to cavitation 
trouble, and practically every pump suffers 
from it at the very large discharges, that 
is when running much below best head. 
Effect of Cavitation on 
Pump Efficiency and Discharge 

The operating engineer is first aware of 
cavitation by the noise in the pump and 
usually vibration accompanying it, but it 
may easily happen that serious damage 


Charlie Bourgin Made 
Water Sup't by Montclair 


Chas. G. Bourgin, popular young New 


has been 


Montclair, 


Jersey water works engineer, 
made superintendent of the 


N. J., Water Dept., 





succeeding Col. 
Stuart M. Weaver, 
who was on leave 
serving in the U. S. 
Army. Col. Weaver 
has tendered his res- 
ignation to accept the 











post of exectiive 
vice-president of 
Ideal Electric & 


Mfg. Lo of Mans- 


held, Ohio. 


Mr. Bourgin joined 
the Montclair Water 
Dept. in 1933 as en- 
gineer in charge of the Pumping Station, 
after graduation from Rensselaer Poly- 
technic Inst. In 1937 he was advanced to 
the position of assistant superintendent. 
Since 1942 Mr. Bourgin has been acting 
superintendent and manager during Col. 


Chas. G. Bourgin 


Weaver's leave on service in the U. S. 
Army. 
This advancement, which has come to 


Charlie Bourgin as a young man, represents 
another laudable recognition of a capable 
career man in the public service. 


R. W. Simpson Joins Gilbert 
Associates 


Head San. Engineering Service 


According to an announcement received 
from Gilbert Associates, Inc., industrial 
engineers of Reading, Pa., Rolland W. 


Simpson has been appointed Sanitary En- 
gineer, to head up the sanitary engineering 
section of the 


company. The department 
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disturbing. Probably the best indicator, 
outside of direct examination of the parts, 
is a study of the characteristic curves for 
the pump, which normally have the general 
shapes shown in Fig. 6 within working 
ranges of discharge. The head curve H 
and the efficiency curve E slope gradually 
downward. When cavitation begins there is 
a definite lowering and increase in steep- 
ness in the efficiency and discharge curves, 
the former being the more marked. This 
is indicated in Fig. 6. Unfortunately, the 
operator has no exact method of making 
frequent plots of these curves. 

Some experimental pumps have been 
made with glass sides and the action of 
the water examined with a stroboscope. 
The information gained was most valu- 
able and included data on suction condi- 
ions, and it was observed that vapor ap- 
peared at the outer periphery of the eye 
of the pump before any change in dis- 
charge occurred, particularly for high spe- 
cific speeds. Of course this air reduces the 
available inlet area and induces cavitation, 
so that if cavitation is suspected the pump 
should be carefully examined, particularly 
for the larger sized machines. When hot 
water or oil is being pumped the danger 
of pitting increases. 

Where pumps are operated at high alti- 
tudes there must, naturally, be a lower suc- 
tion lift than if the same pump is working 
at or below sea level. 


offers a consulting service for water and 
sewage treatment plants and_ industrial 
waste treatment, and will provide chemicals 
and standard reagents, check samples regu- 
larly, analyze special samples, review 
monthly operation reports, and advise in- 
dustry on the design construction, and op- 
eration of industrial waste treatment plants. 

Prior to joining Gilbert Associates, Mr. 
Simpson was a Sanitary Engineer atta~hed 
to the Army Air Corps, stationed at Kees- 
ler Field in Biloxi, Miss., from Aug. 1942 
until May, 1945. From May, 1945, to Mar. 
1, °46, Mr. Simpson was head of the Sani- 
tary Engineering Section of the Post En- 
gineers, Training School, Buckley Field, 
Colo. 

Before joining the U. S. Engineer 
Corps Simpson was Associate Chemist at 
the Buffaio (N. Y.) Sewer Authority, 
where he co-authored a number o! articles 
on sewage chlorination, industria: wastes 
and sewage research. 


E. J. Taylor Appointed 
Philadelphia Water 
Bureau Chief 


E‘bert J. Taylor, a consu'ting engineer 
of Philadelphia, has been appointed chief 
of the Water Bureau of Philadel~hia to fill 
a vacancy created when Martin J. Mc- 
Laughlin succeeded the late John H. Nee- 
son as Director of Public Works last Sep- 
tember. 

Appointment to the $8,000 a year job is 
provisional under Civil Service and the ap- 
pointee may or may not take an examina- 
tion, after public hearings are held. 

Mr. Taylor, whose firm has been re- 
tained by the city for several years for 
consultation on water problems, is_ well 
acquainted with the $18,000,000 improve- 
ment program for the city’s water systems 
and the personnel of the bureau. 


may have been done before the noise is 








Noisy Pump Indicates Cavitation 





A noisy pump indicates cavitation bun 
not always of a very destructive natup 
Not long ago the author examined ay - 
large pump working on water supply he 
at low head because it was delivering wale 
from a well to the filter beds. This pu 
was exceedingly noisy when Operating 
rated discharge, and yet it was a very ef. 
ficient machine. The noise was so bad thy 
conversation was impossible anywhere a 
it, and to obviate this difficulty, one or two 
small holes, little over % in. diameter 
were drilled in the suction pipe close 4 
the eye of the pump. This plan was most 
effective, almost completely  eliminatin 
the noise and making no appreciabj 
change in discharge. Although now for 
some years in service, this pump shows qo 
deterioration. A word of caution should 
be given, however, for experiments shoy 
that very little air may affect the dis. 
charge greatly. As shown in Fig, 7 ay 
amount of 5 per cent by volume woul 
reduce the discharge by many times thi 
per cent. . 

Many technical articles have appeared op 
cavitation, one of the most recent being in 
the October (1945) Transaction of the 
American Society of Mechanical p. 
gineers. It is the last of several fine arti. 
cles on this subject written by Dr. A, ] 
Stepanoff, and will be helpful to those fo. 
lowing the technical aspects of the subject 



































A. S. Bedell Passes Suddenly 


A. S. Bedell, Associate Sanitary Engi- 
neer in the Division of Sanitation of the 














N. Y. State Department of Health in 
Albany, died suddenly at his home on 
March 30. Bedell, 
who was born in 





Brooklyn and edu- 
cated at Dartmouth 
and Massachusetts 
Institute of Tech- 
nology, had __ been 
Chief of the Bureau 
of Sewage  Treat- 
ment for the State 
of New York fora 
number of years, and 
in this capacitv had 
final judgment on 
all plans for sewage 
treatment plants in 
the state. 


Prior to joining the N. Y. State Dept. 
of Health in 1925, Mr. Bede!l had been a 
Professor of Mathematics and the Regis- 
trar of Roberts College in Istanbul, Tur- 
key, and later was with the Utah Board of 
Health. 













Bedell 


Arthur 8S. 











“Art” Bedell, as he was familiarly known 
to the members of the New York State 
Sewage Works Association of which he 
was a Charter Member and Secretary- 
Treasurer, had been a motive force and 
guiding hand of that organization since 
its organization in 1928. Mr. Bedell was 
also active in the affairs of the Federation 
of Sewage Works Associations and was 
president of that organization in 1942. A 
year later he was elected to Honorary 
Membership in the Federation. Mr. Be- 
dell was also a member of the Am. Pub. 
Health Assn. and the Am. Soc. of Civ. 
Engrs. 
















He leaves a widow, Mrs. Elsie Bedell, 
and two daughters, Mrs. James McGraw 
and Mrs. Stanley Hummel of Albany. 
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NTE Near HE concentric orifice is one of the simplest forms of dif- 
«OF two T serential producers; it is also inexpensive to make and install 


diameter and suitable for many adaptations. 
Close t, The purpose of this discussion is to give a simple explanation 
Vas most of the fundamentals of the concentric orifice as a flow measuring 
Minating device, with typical examples, that may enable the average plant 
Preciabje operator to attain a broader understanding and enjoy a wider 
NOW for use of the orifice, one or more of which is being used in the ma- 
hows ng ‘ority of water plants. 
1 should ihe ; 
its show Nomenclature and Equations 
the dis. As an aid to understanding the orifice method of measurement, 
B. 7 an it is necessary to have some knowledge of the equations and terms 
= Would involved. These are shown herewith. 
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Tur- 
rd of Fig. 1 shows the dimensions of the orifice plates for installa- 
tion between standard pipe flanges. The plate should be made 
of monel metal, stainless steel, or bronze, in that order of 
nown preference. If the rim of the orifice (one half of di-de) is 
State greater than l-in., an air vent hole of %-in. diameter should be 
‘h he drilled through the top of the orifice plate as close to the top of 
tary- & the inside of the pipe as possible. This vent will prevent an 
- and accumulation of air on the upstream side of the orifice plate 
since & which would affect the accuracy of the orifice. The vent hole is, 
was & of course, not necessary when the installation is made in a verti- 
ation cal pipe. It is important that the upstream edge of the orifice be 
= : sharp, with no degree of roundness. 
_ _ If it is necessary to use an orifice plate thicker than specified 
Be- in Fig. 1, the downstream edge of the orifice should be bevelled 
Pub at a 45° angle, until the thickness of the orifice meets the speci- 
Civ. fications shown. Table I shows the actual inside diameters of pipe 
and the value of the square of these diameters. 
dell *Recently returned from active duty as Major, Corps of Engi- 
oe neers, A.U.S., Chief of Water and Sewage Section, 4th Service 
raw Command. 







CONCENTRIC ORIFICES 


Their Selection, Construction, and Use 


By D. R. TAYLOR* 
Supt., Water Department 
ROANOKE, VA. 


Taps 


The center of the upstream (high pressure) tap for the mano- 
meter, etc., should be located one pipe diameter from the up- 
stream face of the orifice plate. The center of the downstream 
(low pressure) tap should be located one-half pipe diameter 
from the downstream face of the orifice plate. 

The taps in a horizontal pipe run should be in the same plane 
relative to the axis of the pipe, and on the side of the pipe. The 
taps should never be made on the top of the pipe. In a vertical 
pipe run, they may be located at any position around the pipe, 
but always in the same vertical plane. 
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*[Ra in equations 8 and 9 is the Reynold’s Number for fresh 
water at 60° F., but is sufficiently accurate for ordinary use over 
the range of 40° to 80° F.] . 
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TABLE I 


Actual Inside Pipe Diameters and the Square of the Diameter 








| WROUGHT IRON 





































































































| CAST IRON 

| Nominal “ oF | Extra 7 | Pit Cast Centrifugal _ 

| Diameter Standard Heavy } Class B Class 150 
(Inches ) = < ea Va lee }--—-— 

| di dy? | di di? | dy di? di dj? 
2 | 2067 | 4.272 1.939 3.760) i aes i ae 
2% | 2.469 | 6.096] 2.323 | 5.396 oa 
3 | 3.068| 9.413| 2900| sail | | | | 
~ 4 | 4.026 | 16.209] 3.826 | 14.638) 4.10 | 16.810] 4.12 | 16974 
~ 6 | 6.065 | 36.784) 5.761 | 33.189) 6.14 | 37.700] 6.16 | 37.946 
~ § | 7.981 | 63.696| 7.625 | 58.140) 8.03 | 64.481| 8.21 | 67.404 
| 10 _| 10.020 | 100.400] 9.750 | 95.063| 9.96 | 99.202| 10.16 | 103.226 
42 12.000 | 144.000] 11.750 | 138.060] 11.96 | 143.040] 12.20 | 148.840 
14 ae a | 13.98 |195.440| 14.55 | 211.700 
| 16 | | | 16.00 | 256.000| 16.60 275.560 
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130 CONCENTRIC ORIFICES 

























In no case should the taps be less than %4-in. (iron pipe the orifice should be preceded and followed by mini 


mum lengths 














thread). Suggested maximum tap sizes are %4-in. for 2-in. pipe ; of straight pipe. Such lengths are determined by the ratio (R 
¥-in. for 3-in.; ¥%-in. for 4 to 8-in. inclusive; 54-in. for 10-in. ; of pipe diameter to orifice diameter. The suggested min; 
%-in. for 12-in.; 7-in. for 14-in.; and 1l-in. for 16-in. pipe. lengths expressed in diameters of pipe are shown in Table |] 
The nipples to be inserted in the tapped holes should have all TABLE II 5 
burrs removed from their ends with a pipe reamer or file and i yaa’ 
they should be inserted no deeper than will cause their ends to be Minimum Lengths of Straight Pipe for the Upstream and 
flush with the inside of the pipe. They should not protrude into Downstream Sides of Orifices D 
the inside of the pipe. (Expressed as the Number of Diameters of Pipe.) 
Due to the thickness of the flanges, it is difficult to make the — ———— l a i - 
downstream tap at the proper location in the case of pipe with ' Diameters of Pipe 
a diameter less than 2% inches. Therefore, for pipe sizes smaller Diameter Ratio (R) | a = = | Sonne 
than 2% inches, it is more satisfactory to purchase from the —— | —______—|—__ | 
manufacturers orifice flanges already tapped and complete with 1.25 20 5 oe 
the orifice plate. 1.50 i -_ -_ . 
Distortion of Flow Is Bad 2.00 | - 7 a “ 
Sudden changes of direction of flow or slight changes in the 2.500 = 8 %C«™” a 
symmetrical pattern of the water stream may cause marked S60 ead wer 6 fs — 


inaccuracies in the results of flow measurements. For this reason, 
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ORIFICE PLATE 
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For Flange Installation 
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Fig. 1~Dimensions of Orifice Plates for Flange Installation 
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TABLE IV 


Discharge Coefficients of Orifices 
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It is, in fact, conducive to more positive accuracy if these lengths 
are exceeded, especially on the upstream side of the orifice, when 
this length of straight pipe is preceded by two elbows directly 
or closely connected. If the two elbows are positioned in different 
planes, the upstream lengths shown in Table II should be in- 
creased at least 50 per cent. If the required length cannot be 
obtained, straightening vanes should be installed 7% pipe diam- 
eters preceding the orifice. 


Reynold's Number 


The Reynold’s number (Ra) is a dimensionless ratio, dependent 
on a combination of diameter, velocity, density, and viscosity. By 
experiment it has been found that certain coefficients of discharge 
prevail for certain values of the Reynold’s number. Reynold’s 
number varies with temperature of the water, but for water with 
a temperature between 40° and 80° F., Equations (8) and (9) 
are sufficiently accurate for field use. Their use for all tempera- 
tures within these limits results in a maximum error of less than 
two tenths of one per cent and at 60° F. they are correct. 

Table IV shows discharge coefficients of orifices for various 
diameter ratios, pipe diameters, and values of the Reynold’s 
number. 


Flow Meter Calibration 
(Example |) 


It is desired to check the accuracy of an indicating and re- 
cording flow meter, which is actuated by an orifice and registers 
rate of flow in gallons per day, over a range from zero to four 
million. The pipe is 12-in. class 150 centrifugally cast, cast iron 
and the orifice diameter is 8 inches. The differential head, be- 
tween the high and low pressure orifice taps is found to be 
7.29 ft., when the meter is registering a rate of 3,000,000 gallons 
per day. 4 


Given- 228, H:2.29, From table I, d,=12.20, d,'=/48.84, 
Assume C2060 Desired Qu 


, 
+ 
4 
4 
; 
4 


Head for Various Orifice Diameter Ratios 
as Per Cent of Differential) 
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134 CONCENTRIC ORIFICES 


By Ep. (1), R= 422 «1.525 
From Table 11, VR*-1= 2.1 


28270 x 0.60 x /48.84~27 - 3 245900 
21 . 


By £g.(8), Rg = L252 3.243.200 = 792,400 





By &.(3), Qq = 


From Table IY, 

by interpolating itis found that for 12" pipe centrifugally 
Cast when R150 and Ry 2 792,400, that the C value is 
0.6094 instead of 0.60(assumed), therefore, 


Qg = 3,245,900 x Seecanaaed =3,29686/ 


Inasmuch as the meter was registering only 3,000,000, it was 
under-registering an amount calculated as follows: 


3,296,861 - 3,000,000 
3,296,861 


In other words the meter was registering 9 per cent low at 
the 3 mgd. rate. Now, the rate of flow should be varied and 
similar tests made at other rates of flow, over the entire range 
of the instrument, for accurate calibration. For rates of flow in 
gallons per minute, Eq. (4) and Eq. (5) may be used. 


Error = = 9.0 per cent. 


Selecting the Size of Orifice 
(Example 2) 


Three pumps with capacities of 50, 100, and 150 gallons per 
minute are controlled by pressure switches and operate separate- 
ly or simultaneously, depending on the demand. It is desired to 
install an orifice to operate a proportional chemical feeder, which 
is differentially actuated. The feeder will not operate with a 
differential of less than four inches of water. On the other hand, 
it is not desired to create any more artificial head than is neces- 
sary, on the pumps. The discharge pipe from the station is 6-in. 
class 150, centrifugal cast iron. 


Given - Mirnmum Q», = 50 
Maximum Qm, = 50 +100 + 150+ 300 
Minimum h = 4 Assume C2 0.6/ 
From Table I, d,»6.iG and dj = 37.946 
Desired - Orifice diameter dz to obfain anh of 4 inches 
a minimum Q@m and howest possi ble. at macimum Qm 


By £g.(7), Vet-f = a =5.25 
From Table IZ, 


it will be seen Prat far VRF-1 = 5.25 that R=2.312 


By &o.(2), = $16 = 2.66 in. 


The loss of head for the maximum Q. should next be deter- 


mined. 
z 
300 x §.25 = /44 
By Eq. (@), hs 5.667 « .G/ « 37.946 = I¢F i. 


This represents a momentary loss of head, but all differential 
producers recover part of the temporary loss of head, which they 
produce. 

Fig. 2 shows the permanent loss of head through various dif- 
ferential producers, expressed in per cent of differential. Such 
head loss is dependent on the diameter ratio (R) and it will be 
seen from Fig. 2 that the permanent loss for R = 2.312 is 
only 79 per cent of the momentary orifice differential. Therefore, 
in this case the permanent loss of head at 300 gpm. is 


P.L. = 0.79 x 144 = 113.76 in. 


For some problems of this nature, that of determining the 
size of the orifice, to obtain some desired differential, it is suf- 
ficiently accurate to use a coefficient of 0.61 and it is not neces- 
sary to determine Qm and Ra and recalculate with the resulting 
exact coefficient, because the average error effected by not so 
doing will be less than three tenths of one per cent. 

It is customary practice not to impose more than 100 inches 
of differential head loss on pumps at maximum pumping capacity, 
if such can be avoided. It is often found, however, that the pump 
in question is operating at a total dynamic head of several feet 
below that for which it was designed and is delivering more 
than its designed capacity. In such a case the imposition of 
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some artificial head may do no harm and may even be benetici 
and actually conducive to pumping economy. : 
If this is not found to be the case, and the calculated 

nent loss of head (P.L.) through the proposed Orifice at 4, 
maximum rate is found to be too great, after considering .. 
pertinent circumstances, then a Venturi tube or a veloc; . 

meter, whose permanent head loss is low (see Fig, 2) or Whe 
other type of metering equipment should be used. me 







Comparing the Venturi Tube and the Orifice Meter 





All formulas given are equally applicable to the Venturi} tube 
and the flow nozzle. The only difference is in the value of the 
coefficient (C) and the permanent loss of head. An average 
efficient of 0.977 may be assumed for the standard Hersch: 
(long) Venturi tube; however, for extremely accurate Calibratioy 
the value of C. for the tube in question should be secured fr 2 
the manufacturer. ™ 

With the same conditions as shown in Example 2, the result 
with a Venturi tube instead of an orifice would be as follow: 
assuming C equal to 0.977. . 


By £q.(7), VRt-1 = 2662x S17 x WZs4bx2 « 94 

















From Table IT, R= 2.9085 


— 
By Eg (2), dp = BIG = 2.118 in 







for Qn, = 300, by Eg. (G); 






a oe 
A Crear? ERED, = /44 in. 


hem Fig.2, PL.= 0.20% 1/44 288 in, which would be 






@ very acceptable permanent /oss. 






If the purpose of the installation is for chemical feeding onl 
and does not include the possibilities of flow measurement, jt 
may be more economical to use a variable differential orifice. 
which is designed on the principle of a horizontal swing check 
valve and produces proportionate differential, but the curve i 
flatter than that of the fixed orifice. Information concerning 
this type of orifice may be secured from the McKays Co. oj 
Saint Paul, Minn. 

Standard orifice plates may be purchased with any size orifice, 
from any of the flow measuring equipment manufacturers. if it 
is preferred not to make them. 










Chlorine Control and Meter Combination 
(Example 3) 





A source of water supply consists of six wells with capacities 
of 100 gpm. each, all discharging through an 8-in. common 
discharge of class 150 centrifugal cast iron pipe. As a contrast 
to the problem in Example 2, these wells are operated in groups 
of either three or six simultaneously. It is desired to install an 
automatic chlorinator and a flow meter, both to be actuated by 
the same orifice. It will be necessary to install a separate pair 
of taps (on opposite sides of the pipe) for each piece of equip- 
ment. The flow meter requires a differential of 12 inches 2 
300 gpm. 









Given- Minimum Q,,, = 300 at hz /2 in. 


Maximrmurn Qm = GOO 







From Tablel, dj = 8.21, and d=62404. 





Assume C2 0.6/ 
Desired - d, and h when @,,= G00 
4.4 ~ 5.667 x OG/ x G?. x 3.464 
By &.(7), Vet.4 ~2G6P* OGRE GL EOE 5 3.tt = 2.690 









From Table IT, R=1.694 and by 9.2) dy = SE! = 4.847 in 






= a - 
for maximum flow, Qm-:GOO 









lal L. f : a GOO x 2. eS — 2 i 
By £9. (0), hl BCS esat404) + 48 7 





Frorn fig.2, PL. 20.64 « 482 30.7 In. 
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Testing Pumps 
(Example 4) 
ion consists of three pumps with rated capacities 
Ad 700 — 750 gpm. The common discharge is 10-in. class 
"<0 . ntrifugal cast iron pipe. A 13%4-in. x 6.655-in. orifice plate 
b Fi 1) has been installed to operate an automatic chlorina- 
(see here is no measuring equipment. It is desired to determine 
- output of the pumps under actual operating conditions. The 
“0 gpm. pump will be tested first. 


2 
Given - dp = 6.655; From Table I, d,= 10.16 and d, = 103.226 
With a manometer hb is found & be 18: 
Assume C= 0.G/ Desired - Qn, 
OIG 1): 
By Egel!) R= epg * 527 
From Table II, VR4-1 = 2.106 


i , 226 x 4. ie 
By £9.(5) Qn . en 4.243 = 7/9 





By £9.(9), Rg = Mip+1l2 = 303,800 


From Table IY, for R= 150, and Ry = 303800 for l0 in, pipe 
itis found that C 20.6116 


This value is so close to the value of C= 0.61 which was 
used, that no correction is necessary and it may be considered 
that the discharge of the pump is 719 gpm. 

The other two pumps may be tested in a similar manner, 
separately or while operating simultaneously or in any number 
of combinations. With the use of a pressure gage and a vacuum 
gage (or other manometer), the tote! dynamic head under which 
the pumps are operating could easily be determined and that 
information, together with the output, wou!d enable the operator 
to ascertain from the manufacturer’s head-capacity characteristics 
curve, whether or not the pumps meet the specifications under 
which they were purchased. 


Accuracies 


Ratios (R) of less than 1.40 should be avoided whenever 
possible and ratios of less than 1.25 should never be used, for 
accurate flow measurement. An accuracy of plus or minus one 
per cent may be expected with ratios of 1.40 or greater and of 
plus or minus two per cent with ratios from 1.25 to 1.40. With 
ratios under 1.25, there are so many unreliable conditions, that 
if such ratios are unavoidable, the orifice should be calibrated 
“in place” over its entire range. 

With respect to accuracy, one other warning should be given. 
When using or checking old flow measuring equipment, where 
scale, tuberculation, or wear is known or suspected, actual meas- 
urements should be made of d: and de. In the case of an orifice, 
if the upstream edge of the orifice becomes rounded, it should 
be replaced. A keen sharp edge is the first requirement of an 
orifice for accurate flow measurement. 


The Relation of Flow and Head Differential 
(Examples 5 and 6) 


Ditferential head varies directly with the square of the flow, 


2 
that is, hy = h, ( 2) ae 


After the diffierential head has been determined for one rate 
of flow, the differential head for any other rate of flow may be 
easily determined by the above simple formula. 

With a flow of 500 gpm. if the differential head is found to 
be 12 inches, what will the differential head be for a flow of 
1000 gpm. ? : 


Given- Q,= 500, h,=12 in. Q,2 1000, Desired~ h, 


2 ° 
By Eq. (10); hz = 12( B22)" = 48 in 


After the rate of flow has been determined for one differential 
head, the rate of flow for any other differential head may also 
be easily determined by the following simple formula. Since 
the rate of flow varies directly with the square root of the dif- 
ferential head, the equation for this calculation is 


CONCENTRIC ORIFICES 





Fig. 3—Relation of Flow and Differential Head 


Q, = Q, } ut 


If, with a differential head of 90 inches the rate of flow is 
found to be 1200 gpm., what will be the rate of flow with a dif- 
ferential head of 45 inches? (See Fig. 3) 


Given, h,= 90 in., Q,= 1200, haz 45 in. Desired - Q2 
By Eq. (1), Q, = 1200 V $2-= 848 gpm. 


The Manometer 


The simplest method of determining the differential head pro- 
duced by any differential producer is with the use of a U tube 
or manometer. Care should be exercised to be certain that all 
air has been expelled from the manometer before anv measure- 
ments are made of the deflection of liquid level in the tubes. 

The following equations apply to the manometer and its read- 
ings. The symbols involved are 

H = Head of water in feet 

h = Head of water in inches 

d+ = Deflection of manometer liquid in inches 
S = Specific gravity of manometer liquid. 


ee — &&(2 

A: 4 ae £g. (13) 
i ee ee , 

of “(s-1) ——_ Eq. (4) 

Sc by j—-—---—_—-—_— —_—— — — 9.(is) 
f 


In addition to mercury, there are various liquids that may be 
used in manometer, all of which should be colored with an oil 
soluble dye, so that the point of division between the liquid being 
used and the water may be readily visible. Following are some 
of the liquids more commonly used. 


Material Gravity* 
Carbon Tetrachloride 1.60 
Acetylene Tetrabromide 2.95 
Mercury 13.58 


*Approximate Specific Gravity 


When low rates of flow are encountered, requiring a liquid 
with a low specific gravity, so as to secure the maximum dif- 
ferential reading in the manometer tubes, carbon tetrachloride 
may be diluted with benzine to obtain any specific gravity from 
1.60 down to 1.10. The specific gravity of the liquid being used 
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may be determined with a hydrometer, but such determination 
should always be made immediately after the liquid has been 
used. That value should be used in all calculations, because the 
specific gravity of the oils varies materially with temperature. 
The gravity of mercury need not be checked after taking dif- 
ferential readings and the gravity of 13.58 may be taken as a 


constant. 


CONCENTRIC ORIFICES 


If possible, a liquid with a specific gravity that will produce a 
deflection of 12 inches or more should be used, because it is 


easily understood that an error of 1/16-in. in the measurement 
of a deflection, will result in a very much smaller error when 
the deflection is large than when it is relatively small. 
Determining the Most Desirable Gravity 
for Manometer Liquids 


If the approximate rate of flow is known, the approximate 
desired 


specific gravity required for any 


Since acetylene tetrabrornide has a gravity(S) of 2.95 i 
it may be used Straight and it will give a deflection of 


approx. /4.8 in. calculated as follows : 
By Eq.(/4), dp: —28:-1__ ='/4.8 in. 
vy &9.(4), & (2.95-1) 


In case of high rates of flow which, upon pre-calculation 
above, may cause the deflection of acetylene tetrabromide : 
exceed the capacity of the manometer, mercury should be ent 
For lower rates of flow, carbon tetrachloride diluted with benzine 
should be employed. With such a mixture of specific grayin 


1.25, a deflection of 24 in. is secured from a differential through 


deflection may be Eq. (12) 


determined as the following example indicates. 


A 500 9pm. pump is fo be tested. 


Given - d)=821, d,“s 67.404, d,)+5 in, Assume Cz0.6l 
Desired - The specitic gravity of manometer liquid that 
will produce a deflection of approx sé in. 


First i 1s necessary fo deterrrine the approx. A. 


- ee. 
By &o.(/), R= = = 1.64 
From fable IT , (R*-1 = 2.497 





2 
” S500 x 2.457 a , 
By £o.(G), hs (xcept tra = 28.7 in. 


By £9.(/5),5 = #8141 = 2.79 


Data Book for Civil 


> 
Engineers 

Elwyn E. Seelye, Consulting Engineer, 
has prepared a Data Book on Design for 
Civil Engineers. Unique in its presenta- 
tion, the book is a compilation of data 
tablets, design sketches, notes, and refer 
ences for design of structural units, (gen- 
eral, concrete, steel, wood, plywood, and 
foundations). There are also sections on 
soil, earthwork, roads, airports, bridges, 
dams, docks and piers. 

Of particular interest to our readers are 
sections on drainage and sewerage, sewage 
treatment, waste disposal, water purifica- 
tion and water distribution. These !atter 
sections comprise more than 125 rages, in 
which by means of pictures, diagrams, 
nomographs, charts, designs, tables, etc., 
the whole subject is covered from sewer 
manholes to Venturi meters. For the 
most part explanations and derivations have 
been eliminated since the notes on the 
plates give the required guidance and in- 
formation. All the pages, which are large 
size (9'4x11%) contain cross-indexing. 
Many labor saving tables, modern codes 
and practice are used throughout the book. 

In the section on water and sewage 
works are nomographs on pipe capacity, 
tables to be used for weir measurements, 
formulas, and graphs of the hydraulic 
elements of flow. Flow diagrams are 
shown for sewage treatment plants, along 
with sketches of various types of equip- 
ment, their location and their operation. 
Sizes of settling tanks, Imhoff tanks, 
dosing filters, trickling filters, activated 
sludge are all covered along with chlorina- 
tors, hypochlorinators, pumps, comminu- 
tors and sewage treatment for small sys- 
tems. 

Several pages are devoted to the analy- 
ses and tests to be made at sewage treat- 
ment laboratories, and another whole sec- 
tion is devoted to laboratory equipment 
recommended for sewage treatment plants. 
Waste disposal and incineration are like- 
wise covered. 
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the orifice of only 6 inches of water head in accordance with 


h = 24(1.25- 1.00) = 6 in. 


For the purpose of manufacturing design, academic research 
or for the measurement of the flow of hot water or liquids wig 


equipment. 


References 


specific gravities and viscosities different from those of water 
it is suggested that reference be made to “Fluid Meters, Thei, 
Theory and Application”, (4th Edition) published by the Ameri. 
can Society of Mechanical Engineers, and considered the ow. 
standing compendium on the design and use of flow Measuring 


Fluid Meters, Theory and Application—A.S.M.E. 
Handbook of Hydraulics—King—McGraw-Hill Book Co, 
Cameron Hydraulic Data—Ingersoll-Rand Co. 


Flow of Fluids—Crane Co. 

Bulletin No. 22—Simplex Valve and Meter Co. 
Bulletin No. 356—Builders Iron Foundry Co. 
Instructions—Republic Flow Meter Co. 


Instructions—The Brown Instrument Co. 
Bulletin No. 301-A—The Bailey Meter Co. 


The section on water supply contains 
data, tables and formula on rainfall and 
runoff, storage, deep wells, distribution 
reservoirs, elevated storage tanks, pump- 
ing stations, weir measurement, Parshall 
flumes, etc., as wel! as drinking water 
requirements given in typical! graphic 
tabular form for ready use and informa- 
tion. 

Material on water purification covers 
slow and rapid sand filters, pressure filters, 
latoratory equipment, flow in pipes, water 
distribution, equivalent pipes, loss of head 
as well as information on cast iron pipe, 
cement-asbestos pipe, wood stave pipe, 
steel pipe, and various fittings. 

This book, which is Volume 1 of a 3 
volume series provides a concentrated col- 
lection of data he'pful in the design and 
construction of practically all types of 
civil engineering structures. Pubtished by 
John Wiley & Sons, Inc., 440 Fourth Ave- 
nue, New York 16, N. Y., this book 1s 
listed at $7.50 per copy, and strikes us as 
being well worth the price. Prospective 
purchasers may determine the correctness 
of the statement during the period allowed 
by the publisher for free inspecticn and 
return. (G.E.S.) 


A Manual for Water Plant 
Operators 


According to the preface in the recently 
published Manual For Water Plant Opfer- 
ators, by A. A. Hirsch, the object of the 
manual is to provide a practical text for 
study by operators of water supply sys- 
tems in preparation for certification ex- 
aminations, and “a reference for their con- 
sultation in times of difficulty and doubt.” 

Divided into six sections: Supply pro- 
curement, methods of treatment, special 
treatments, distribution, control tests, and 
miscellaneous, the text covers all phases 
of water supply with which water works 
operators are concerned. Of particular 
help and usefulness are sections on pipe 
materials, hydraulic measuring devices, 
and plant arithmetic. A number of the 


equipment ideas are taken from the 
author’s practical articles published jp 
Water Works & Sewerage. 

In the section on chemical tests, the 
principle involved is stated before the 
steps in the technic are given and this 
should be helpful to many _ operators 
Other inclusions that will also be helpfu' 
to operators are such items as the ex- 
planatory diagrams of chlorinating equip 
ment, a_ section on _ chlorination com- 
plaints, sections on trouble shooting, mainte- 
nance of pumps, maintenance of motors, 
and calculation of chemical dosages. 

A chapter on Records and Operator 
Policy is something new in water works 
manuals and includes sections on daily 
records, diaries, monthly and annual re- 
ports. Even more unusual and valuable is 
a section on Public Relations and another 
on Operator Advancement, including dis- 
cussions on self improvement, training pro- 
grams and the benefits of membership in 
water works associations. 

The author has striven for a method of 
presentation within the grasp of men with- 
out benefit of advanced schooling, and has 
followed a method of treatment intended 
to be intimate and definitive, rather than 
hazy or inconclusive. 

A chapter on Useful Literature includes 
booklets, textbooks and periodicals, the 
former listed according to the phase of 
water supply with which they are con- 
cerned, (e.g. wells, plant, treatment, analy- 
sis, pumps, etc.). This reviewer objects to 
the listing of the Reference and Data 
Editions of Water Works & Sewerage in 
the “Plant” category alone because these 
volumes cover all phases of water supply. 

The last chapter, devoted to “Useful 
Water Plant Data” contains a number of 
useful tables, and throughout the book are 
tables, and graphs, some of the latter ol 
which have suffered by too great a fe 
duction in size. Published by the Chem 
cal Publishing Co., Dept. M. J., Brooklyn 
2, N. Y., the Manual For Water Plan 
Operators contains 386 pages and retails 
for $6.50. (G.E.S.) 
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WATER WASTE SURVEYS 
AND LEAKAGE CORRECTION 


With Particular Reference to the Pitometer and Its Use in Making Such Surveys 


By E. SHAW COLE 
Vice Pres. and Chief Engr. 
THE PITOMETER CoO., INC. 

NEW YORK, N. Y. 


T HAS been suggested that a pitometer survey be compared, 

with a complete medical and physical examination such as 
would be made in a clinic. \ arious measurements would be made 
to determine the physical condition of the patient. The type of 
tests, the equipment and the technic have all been improved over 
the years, and, while these have probably resulted in better 
diagnosis, the basic tests have not been changed greatly. So it 
has been with the pitometer survey. Years ago the pitometer 
was called the x-ray of water works systems. Although new 
too's have been provided and technics improved to increase the 
efficiency of the survey, the basic flow measurements developed 
years ago are still important and valuable. 

“To carry the medical analogy one step further, let us consider 

that the counterpart of the general practitioner or family doctor 

is the water works superintendent or local engineer. While these 
men do splendid work and in some cases operate for years with- 
out any outside help or advice, it is quite common for a progres- 
sive doctor to send a patient to a clinic for a complete physical 
and medical examination. At the clinic are to be found doctors 
trained in this type of work—men who specialize in a particular 
field and for this reason excel in it. The need for an organiza- 
tion of engineers which specializes in conducting pitometer sur- 
veys and can be cal‘ed on at any time to help in whatever way 
is desired, whether it be for a short test or a complete survey, 
is somewhat similar to the need for clinics. Perhaps this need 
is best illustrated by the fact that during the last five years, 
the author’s firm has conducted a total of 251 surveys and tests 
in 159 different communities. The majority of these were water 
waste surveys that covered approximately 12,000 mi. of mains. 

This work resulted in the location and repair of over 6,500 
hidden underground leaks wasting a total of 106 mgd. At an 
average purchase or production cost of five cents per 1,000 gal., 
this amount of water represents an annual saving of $1,935,000. 

While the judgment of federal agencies is not necessarily the 
best criterion, it is interesting to note that the 251 surveys and 
tests included work for four large Navy shipyards, as well as 
for several cities where the FWA thought it sound practice to 
have a survey made before approving grants for expensive 
extensions and reinforcements. The federal government of one 
of our neighboring countries also authorized a pitometer survey 
in one of its cities, as the quickest and most economical means 
of obtaining an adequate supply for one of its largest arsenals. 
Also included are tests for important war plants, including a 
government arsenal, airplane manufacturing plants and oil re- 
fineries. 

Scope of Pitometer Surveys 

The pitometer survey is an engineering operation divided into 
two definite fields: 

_1. An accounting for all the water de!ivered to the distribu- 
tion system, known as the water waste survey. 

2. An engineering study of the existing distribution system 
to improve distribution facilities. 

_ While the primary object of the pitometer water waste survey 
is to locate underground leakage, its scope is very much broader 
than this. The operations may be divided as follows: 

1. Test of pumps for slip or efficiency. 

_2. Measurement of the flows at either end of gravity supply 
lines to determine leakage. 

3. Measurement of the flow in and out of reservoirs to deter- 
mine leakage. 

4. Test of master meters for accuracy. 

9. Measurement of the flow to various districts of the city. 
A study of the night rate of flow and its relation to the total, 
indicates the existence of leakage. A'so, the information obtained 
is the basis for future design and extensions and replacements 
in a distribution system. 

_ 6. A test of large industrial meters and a check on industries 
lor unauthorized use of water. 

_ 4. Night subdivision, or the analysis of the night rate of flow 
in districts where waste is indicated, which result in the measure- 
ment of the flow in every block or between every set of valves. 


"From the Jour. AWWA, 37, 181-188 (1945). 





8. Location of underground leakage. By this method of night 
subdivision, every underground !eak in the system large enough 
to justify the cost of repair is indicated by measurement and its 
exact location determined by the use of sound intensifiers. 

9. House-to-house inspections, based on the result of night 
subdivision, are carried out for the purpose of controlling 
leaking plumbing fixtures in unmetered systems. In metered 
systems, the measurements provide indications of under-registra- 
tion of domestic meters. 

10. Special tests that include such things as river-crossing 
tests, industrial tests and measurements not mentioned above. 

Not all surveys result in spectacular findings in each of these 
steps but the following examples are not unusual, and some of 
them have been encountered in otherwise well-operated systems. 
Pump Tests 

The logical starting point of any engineering project of this 
kind is the source of supply. In the early days where the supply 
was pumped, a test to determine the slip of the reciprocating 
pumps frequent!y showed amazing conditions. In some cases 
where maintenance was entirely absent, slip ran as high as 80 to 
90 per cent, as could be demonstrated by shutting the discharge 
vaives practically to the closed position without raising the 
discharge pressure. 

As reciprocating pumps have been replaced by centrifugal 
pumps, the pump tests have come to include wire-to-water eff- 
ciency tests. These, tco, sometimes show surprising conditions, 
as described in an excellent paper by H. E. Beckwith, entitled, 
“A Simple Method of Testing Centrifugal Pumps” (Jour. 
A.W.W.A., 31: 2098 (1939)). According to Beckwith, it is 
not unusual to find a centrifugal pump which is operating under 
an entirely different set of conditions than that for which it was 
designed. He cites a test that gave a wire-to-water efficiency of 
only 40 per cent. The savings resulting from the installation of 
a pump designed to meet the operating conditions were very 
substantial. 

Supply Lines 

In gravity systems, the starting point for the survey is the 
reservoir and the gravity supply lines it feeds. A test of the 
gravity supply lines is made by measuring the flow at the inlet 
and at the outlet and, at the same time, leakage from the reser- 
voir is determined by measuring the rise and fall in the reservoir, 
adjusted for the flow in or out, as the case may be. Where a 
long gravity supply line crosses rough and marshy country and 
possibly a river, it is important to know by direct measurement 
that there is no appreciable underground leakage. , 

The approximation of accuracy by any hydraulic instrument 
in the field is not much greater than 100 +2 per cent. In large 

gravity lines, a small loss could go undetected, due to the allow- 
ab'e error of the measurements. At the same time it should be 
pointed out that many losses have been detected where the 
difference between the inlet and outlet quantities did not exceed 
3 to 4 per cent. In a survey for a small New Jersey system, a 
measurement of the flow in each end of a gravity line, 7 mi. 
long, showed discrepancies cf 30 per cent between the reservoir 
and the town. The demands of this system had gradvally in- 
creased over a period of years until it became necessary to install 
a booster pump in order to maintain an adequate supply. After 
the original discrepancy had been detected, intermediate gagings 
were made to localize the section where the loss occurred. Sound 
intensifiers were then used with positive assurance that leakage 
existed and a blown joint, which was wasting 250,000 gpd. into 
a large swamp, was quickly discovered. 
Master Meter Tests 

The testing of master meters for accuracy is a routine step 
that is necessary if figures on unaccounted-for water are to be 
used as the criterion for efficient operation and the absence of 
lost water. In the case where water is purchased through a 
master meter this test has a real dollar value and in two New 
Jersey communities substantial savings resulted from the dis- 
covery that the meters were over-registering. In one case there 
was an overcharge of 16 per cent. In the other instance, it was 











WaTER & SEWAGE Works, April, 1946 


— 9 neuro 


NE EB AI 


_ 


es 


ee 























found that the flow through the master meters reversed during 
the night hours. Because the type of meter used registered 
positively, regardless of the direction of flow, this community 
was charged twice for water that was never used—once when it 
entered the system and again when it left it. 


District Measurements 


The division of a system into districts and the measurement 
of the flow into each district for a period of at least 24 hours 
provides information that is not only of value in indicating the 
existence of underground leakage, but gives valuable information 
regarding the operation of the entire distribution system. Pri- 
marily the district measurements are made so that the night 
rates of flow may be studied. The actual size of the district 
will vary but usually includes from 8 to 10 mi. of main and may 
be as large as 30 mi. A high flow at night of over 30 per cent 
of the total in the residential section of a metered system indi- 
cates the possibility of leakage and justifies further investiga- 
tions, while a 40 per cent night rate is a sure indication ot 
leakage or waste of some kind. A low ratio of night flow to 
the total flow, however, indicates that it would be uneconomica! 
to make further investigations. 

In cities where more than one survey has been made, a com- 
parison with results of the previous district measurements pro- 
vides a more exact means for predicting the existence of leak- 
age. Some of our larger cities, notably Philadelphia, Pittsburgh, 
Kochester, Boston and Cincinnati, have found it economical to 
have a certain amount of work done each year, so as to keep 
their waste down to a minimum. 

The district measurements are an important part of these 
annual surveys, for in this way it is possible to cover a large 
number of miles quickly by eliminating the many sections that 
are invariably found to be tight, and then to concentrate detailed 
investigations in areas that are definitely known to contain 
waste or leakage. In this connection it should be noted that the 
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over-all accounted-for figures in large systems, where the 

sumption may be 30 to 40 mgd. or greater, are subject on 
many variables with regard to consumption that it is not as m 
to detect the presence of underground leakage as it is in a a 
compact system. A change of only a small percentage in » 
large system can involve more water than the entirg consumpti ; 
of the small system. a 

By isolating the districts by means of closed valves, so tha 
the feed may be supplied through one or more large mains . 
which the pitometer is installed, it is possib‘e to learn a good den 
about the operation of the trunk mains. Pressures are taken 
before and after the district is isolated. The flows are Studied 
and the adequacy of existing feeds taken into consideration $0 
that in case of fire there will be ample supply until the hes 
boundary valves are opened in accordance with arrangements 
made between the fire and the water departments. t 

In one survey the formation of the district boundaries prove 
to be a difficult operation, due primarily to the condition of the 
valves and errors in the map. The time involved in solving the 
problem, however, proved to be well worth-while for the City 
because two of its important feeders were found to be carrying 
no water. Investigation showed that one 12-in. valve was closed 
one double-check valve was frozen closed and one 12-in. valve 
was partly closed. The latter discovery explained the reason for 
inadequate pressures during a recent fire. 

In another system there was a high area that had suffered 
from low pressures for years. When district measurements wer 
being made at the start of a survey it was found that the prin. 
cipal feed, a 20-in. main, carried no water because of a 20-jp, 
valve that was closed and too stiff to operate. 


in addition to these not infrequent discoveries, district meas. 
urements always provide information regarding the consumption 
in the various sections of the system that are of value as a basis 
for designing extensions or reinforcements to the distribution 
system. 








¥ 


| 


@ 











Photo Rec order 


WaTER & SEWAGE WoRKsS, April, 1946 


Equipment Used in Pitometer Survey 





Pitometer Rods and \Monomete 
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WATER WASTE 





industrial Meter Tests 
Improved meter practice and close supervision of industrial 
oncymers bas greatly reduced the loss of water in many sys- 
cones but there are still a large number of meter departments 
= a not make complete checks on the accuracy of the 
re meters and the use of water passing through them and 
A nes. 

geome of testing large meters in place and under 

rating conditions, with the pitometer, may not be apparent 
or ihoee meter superintendents who periodically use a test 
ter to check their meters. While it is true that there are some 
pares where the meters are in excellent condition, within 
three weeks two cases of under-registration involving large quan- 
tities of water were brought to light during routine field tests. 
In one large eastern city, a fire line meter was tested in spite of 
the fact that it showed no registration and that the factory said 
they were not using any water through it. The test showed 
that there not only was a flow but it was so large that a con- 
tinuous test was run for a week. The average under-registration 
for this period was 427,000 gpd. and the rate varied from zero 
to maximum of 1,660,000 gpd. through a 6-in. pipe, or a velocity 
of over 13 fps. Four hundred and twenty-seven thousand gallons 
ay is not only a lot of lost water, but at a meter rate of 


rd 
nts per 1,000 gal. the lost revenue amounts to over $15,000 


ten ce 
a year. 


Night Subdivision and Leak Location 


Following the 24-hour district measurement comes the problem 
of locating all underground leakage. Indirect gaugings are made 
to determine the distribution of the night rate of flow. These 
gaugings are made after midnight and before five o'clock in the 
morning. All mains, regardless of how small they may be, are 
included in these measurements and the unit of test is as small 
as it is practicable to make it with the valves available. Mani- 
festly, if there is no flow into a piece of pipe after midnight 
there can be no leakage. Where an appreciable flow is shown 
to exist, further investigations are made to determine the cause. 
The importance of these measurements cannot be over-emphasized, 
because only in this way is there a positive indication of the 
existence of underground leakage. 

The location of leaks has been a common occurrence in every 
water works since the first leak patrols were organized in England 
over 100 years ago and perhaps long before that. The main point 
to be emphasized here is the difference between the leak patrol 
or listening type of survey and the pitometer survey. By the 
periodic use of sound intensifiers leakage can be and is controlled 
by almost every water works plant. This type of control is ex- 
cellent practice and should be encouraged. At the same time it 
should be recognized that this method is in a sense a negative 
control, t.¢., if no noise is heard on a main or its connections, it is 
concluded that there is no leakage; or if a slight noise is heard, 
and further investigation does not result in the discovery of a 
leak, it is concluded that the leak is too small to bother with, 
which may not be the case. Experience indicates that the in- 
tensity of sound does not necessarily indicate the volume or size 
of a leak. 

An actual measurement of the flow between a set of valves 
when use is at a minimum, or is a known quantity, is a positive 
approach. Only after a water measurement is made can it posi- 
tively be said that leakage does or does not exist, and, if there is 
leakage, only by a water measurement can the amount be deter- 
mined. In the pitometer survey it is at this point that sound 
intensifiers are first used. Then with a definite knowledge of 
the size and approximate location of the loss, investigations are 
made with whatever type intensifier the engineer prefers, until 

all leakage of sufficient importance to warrant repair is located. 

The record is full of instances where the sound indications 
were so misleading or faint that large leaks had existed for 
years. Take, for example, interfering noises from pumps, motors, 
regulating valves, machinery, etc., or the case of a deep fill, a 
river-crossing or an abandoned service. 

In this connection it is worth noting that the quantity of 
leakage located, rather than the number of leaks, is the important 
consideration to a community. For example, a survey was made 
in a metered New England City having a domestic per capita 
consumption to 64 gpd. Only a handful of small service leaks 
Were found in the distribution system proper, but because the 
survey was a complete audit, a measurement was made on a 
pumping line leading to a reservoir some distance out of the 
city. This main ‘crossed some rough and swampy ground and 
there were no connections to it. The function of the pump station 
Was to augment the main gravity supply to the reservoir and 
whenever the water level dropped to a certain point the pump 
started and ran until the reservoir was filled. The measurement 
on this main showed a lo-s between the pump station and reser- 
voir of 430,000 gpd. and further investigation resulted in the 
discovery of a leak wasting 250,000 gpd. into the swamp, when 
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the pump was off, and 390,000 gpd. when it was operating and 
the pressure thus increased. This one leak was largely responsible 
for the need of pumping, as it was continuously draining the 
reservoir. The savings in pumping costs alone amounted to $4.50 
per day at one cent per kilowatt hour. 

At the other extreme, is the case of a large unmetered gravity 
system where leakage and waste were rampant because there was 
an abundant supply. Unfortunately, the capacity of the 7-mi. 
transmission mains was limited and shortly before the war the 
demand had increased to the point where pressure troubles 
developed and it was necessary to curtail service in order to get 
water into the large distribution reservoir. Then with the war 
came a large arsenal that demanded 10 per cent of the total con- 
sumption. This additional amount could not be supplied and so 
the government authorized a complete pitometer survey as the 
quickest and most economical approach to obtaining an additional 
supply. Here the resultant action could be called selective leak 
location. Only the large leaks were dug up and repaired at first 
so as to reduce consumption as rapidly as possible, and in this 
case measurements were invaluable. Hydrant leaks making a 
terrific roar were encountered on almost every other corner, and 
yet broken mains, part of the time submerged by the tidal river, 
made no noise at all on the surface of the street due to the nature 
of the ground conditions and undermined pavements. Within six 
weeks, leaks releasing over 4 mgd. had been repaired and at the 
completion of the survey leaks totaling 13 mgd. had been located. 


Other Benefits of Subdivision Studies 


In addition to providing positive information regarding leak- 
age, the night subdivision measurements have several other 
valuable features. During the course of the measurements, it is 
necessary to close a large majority of the valves in the distri- 
bution system and prove their condition by making tight shut- 
outs. Periodic inspections and operation of all valves in a dis- 
tribution system is generally considered good practice. Usually, 
however, shut-outs are not made during the inspection, the main 
object being to see that the valve is free and in good condition. 
When a survey is made the night valve operations can take the 
place of the annual inspections. Many systems do not follow a 
valve maintenance program at all and in these cases the cpera- 
tions made during the survey are useful, not only as a check 
on the condition of the valves, but also on the distribution system 
map and records. One of the most interesting discoveries result- 
ing from valve operations occurred in a southern city where it 
was found that a great many of the mains were not connected 
at intersections. This, it was said, came about as a result of 
street grading after part of the system had been installed, thus 
increasing the cover. When the gridiron was completed, no 
effort was made to connect mains that were at different depths. 
Only hy methodically proving how the water was circulating 
were all these missing connections located, and the improvements 
in the strength of the distribution system after connections were 
made can be readily appreciated. 


House Waste 


The only sure way to eliminate unnecessary waste on the 
consumer’s property is by universal metering. There are, how- 
ever, many communities where universal metering is impractical 
for financial or political reasons, and in these communities only 
the largest consumers are metered. 

The only other method of controlling this waste is by periodic 
house-to-house inspections and these are most efficiently super- 
vised when the amount of water being wasted is first determined 
hy night measurements. Following these, concentrated work in 
those sections found to have a large night consumption will 
produce the best results. 

The benefits from these inspections are only temporary unless 
repeated at recular intervals and even then have no control over 
willful waste. However, a pitometer survey will indicate the most 
wasteful sections and several cities have adopted ordinances 
authorizing the water department to install meters when re- 
inspections show that the consumer is a chronic waster of water 
and will not keep his fixtures in repair. 


Distribution Studies 


A second type of survey, the distribution study, has an ob- 
jective somewhat different from the waste survey. Basic data 
accumulated through loss-of-head tests, fire flow tests, pressure 
and hydraulic grade line studies and computations are all de- 
pendent on a variety of flow measurements and gagings. The 
pitometer distribution survey is of value in determining the true 
physical condition of a distribution system before designing im- 
provements. 

Whether the problem be the location of points of waste or the 
proper method of extending or improving the distribution sys- 
tem, the pitometer survey will be found to be a most valuable 
method of finding the proper solution. 
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U. S. DRINKING WATER STANDARDS 


HE U. S. Public Health Service, 

under its authority, has issued four 
successive standards of quality for wa- 
ter used on interstate carriers. These 
documents were released in 1914, 1925, 
1942 and 1946. The 1946 standards 
are published hereinafter. . . . 


It will be understood that the 
A.W.W.A has no authority to promul- 
gate or enforce a standard of quality 
for public water supplies. It can, how- 
ever, for its membership, voluntarily 
accept such standards for application 
to water supplies under the control of 
its members, and thus by implication 
make them professional standards com- 
manding the broad and general ac- 
ceptance to which such documents are 
entitled. 

The Board of Directors of the A.W. 
W.A., therefore, after careful consid- 
eration and deliberation, on Jan. 14, 
1946, adopted the following resolution: 

Wuereas, The Officers and Direc- 
tors of the American Water Works 
Association are desirous of supporting 
all efforts to promote better health 
through safe water supplies, and 





Wuereas, It is noted that the Stand- 
ards of the U.S.P.H.S. are promul- 
gated by the Surgeon General for use 
in the administration of Interstate 
Quarantine Regulations, and that they 
are intended to apply only to water 
used on common carriers engaged in 
interstate commerce, and 

Wuereas, It does not appear that 
the Surgeon General desires or pro- 
poses to extend the authority of the 
U.S.P.H.S. to include any water sup- 
plies other than those used by common 
carriers subject to Federal Quarantine 
Regulations, and 

Wuereas, It is the desire of the 
A.W.W.A. to have available for refer- 
ence, to recognize and to accept fair 
and effective standards for quality of 
water furnished by all public water 
supply systems, and 

Wuereas, The Officers and Direc- 
tors of the A.W.W.A. have studied 
the text of the proposed 1946 Drink- 
ing Water Standards which have been 
developed by the Surgeon General of 
the U.S.P.H.S. and found the terms 
and conditions of these Standards to 
be constructive, and 


Wuereas, It is the earnest hope of 
the A.W.W.A. that, as a result of its 
voluntary acceptance of the Drinking 
Water Standards as criteria of quality 
of all public water supplies in the 
United States, the state boards of 
health and their sanitary engineering 
personnel will find it possible to further 
constructive and co-operative relation. 
ships with the water works manage. 
ment to the ends that deficiencies jp 
water supply systems be corrected as 
promptly as feasible; that extraneous 
sources of contamination of water fe 
eliminated; and that encouragement 
be given to training and employment 
of qualified personnel in positions of 
responsibility in the operation of water 
works, 


Now THEREFORE BE IT RESOLVED by 
the Officers and Directors, acting for 
the American Water Works Associa- 
tion, that the 1946 Drinking Water 
Standards proposed for adoption by 
the U.S.P.H.S. be voluntarily accepted 
by our Association as the standards for 
all public water supplies. 


Jour. A.W.W.A., March. 1946. 








U. S. Public Health Service Standards 


1. Definition of Terms 

For the purpose of these Standards 
the terms designated herein below shall be 
defined as follows: 


1.1. Adequate protection by _ natural 
agencies implies various relative degrees 
of protection against the effects of pollu- 
tion in surface waters; dilution, storage, 
sedimentation, the effects of sunlight and 
aeration and the associated physical and 
biological processes which tend to produce 
natural purification; and, in the case of 
ground waters, storage in and percolation 
through the water-bearing material. 


1.2. Artificial treatment includes the 
various processes commonly used in water 
treatment, both separately and in com- 
bination, such as storage, aeration, sedi- 
mentation, coagu!ation, rapid or slow sand 
filtration, chlorination and other accepted 
forms of disinfection. Rapid sand filtra- 
tion treatment is commonly understood to 
include those auxiliary measures, notably 
coagulation and sedimentation, which are 
essential to its proper operation. 


1.3. Adequate protection by artificial 
treatment implies that the method and de- 
gree of elaboration of treatment are ap- 
propriate to the source of supply; that 
the works are of adequate capacity to 
support maximum demands, are well lo- 
cated, designed and constructed, are care- 
fully and skillfully operated and super- 
vised by properly trained and qualified 
personnel, and are adequately protected 
against floods and other sources of pollu- 
tion. The evidence that the protection thus 
afforded is adequate must be furnished by 
frequent bacteriological examinations and 
other appropriate analyses showing that 
the purified water is of good and reason- 
ably uniform quality, a recognized prin- 
ciple being that irregularity in quality is 
an indication of potential danger. A min- 
imum specification of good quality would 
be conformance to the bacteriological and 
chemical requirements of these Standards, 
as indicated in Sections 3 and 4. 
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1.4. Sanitary defect means any faulty 
structural condition, whether of location, 
design or construction of collection, treat- 
ment or distribution works which may 


regularly or occasionally prevent satisfac- 
tory purification of the water supply or 


cause it to be contaminated from ex- 
traneous sources. Among the extraneous 
sources of contamination of water supply 
are dual supplies, bypasses, cross-connec- 
tions, interconnections and back-flow con- 
nections. 

1.5. Health hazard means any faulty 
operating condition, including any device 
or water treatment practice, which, when 
introduced into the water supply system, 
creates or may create a danger to the 
well-being of the consumer. 

1.6. Water supply system includes the 
works and auxiliaries for collection, treat- 
ment and distribution of the water from 
the source of supply to the free-flowing 
outlet of the ultimate consumer. 

1.7. The coliform group of bacteria is 
defined, for the purpose of these Stand- 
ards, as including all organisms considered 
in the coli-aerogenes group as set forth 
in the Standard Methods for the Exam- 
ination of Water and Sewage, current 
edition, prepared, approved and published 
jointly by the American Pubiic Hea!th As- 
sociation and the American Water Works 
Association, New York City. The pro- 
cedures’ for the demonstration of bacteria 
of this group shall be those specified here- 
in, for: 

(a) The completed test, or 

(b) The confirmed test when the liquid 
confirmatory medium brilliant green bile 
lactose broth, 2 per cent, is used, provid- 
ing the formation of gas in any amount in 
this medium during 48 hours of incuba- 
tion at 37°C. is considered to constitute 
a positive confirmed test, or 

'This reference shall aprly to all details 
of technique in the bacteriological exam- 
ination, including the selection and prep- 
aration of apparatus and media, the 
collection and handling of samples, and 
the intervals and conditions of storage 
allowable between collection and examina- 
tion of the water sample. 


(c) The confirmed test when one of th 
following liquid confirmatory media js 
used: crystal violet lactose broth, fuchsiz 
lactose broth or formate ricinoleate broth 
For the purpose of this test, all are equiv. 
alent, but it is recommended that th 
laboratory worker base his selection of 
any one of these confirmatory media upm 
correlation of the confirmed results thu 
obtained with a series of completed test: 
and that he select for use the liquid cop- 
firmatory medium yielding results mos 
nearly agreeing with the results of th 
completed test. The incubation period for 
the selected liquid confirmatory medium 


shall be 48 hours at 37°C. and the for § 


mation of gas in any amount during this 
time shall be considered to constitute a 
positive confirmed test. 


1.8. The standard portion of water te 
the application of the bacteriological tes 
may be either : 

(a) Ten milliliters (10 ml.) or 

(b) One hundred milliliters (100 ml. 


1.9. The standard sample for the bac 
teriological test shall consist of five (5 
standard portions of either: 

(a) Ten milliliters (10 ml.) or 

(b) One hundred miliiliters (100 ml. 
each. 

In any disinfected supply the sau.ple must 
be freed of any disinfecting agent within 
twenty (20) minutes of the time of its col 
lection.” 

1.10. The certifying authority is te 
Surgeon General of the United States Pub- 
lic Health Service or his duly authorized 
and designated representatives. Referentt 
to the certifying authority shall be applic 
able only in the cases of those water sup 
plies to be certified for use on carriers sub 
ject to the Federal Quarantine Regulations 

The reporting agency shall be under 
stood to mean the respective official stalt 
health agencies or their designated repre 
sentatives. 

*In freeing samples of chlorine or chloré 
mines, the procedure given in the Standard 


Methods for the Examination of Water an 
Sewage, current edition, shall be followed 
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2, As to Source and Protection 


21. The water supply shall be: ; 

(a) Obtained from a source free from 
pt tained from a source adequately 

ed by natural agencies; or 
ie) Adequately protected by 
treater water supply system in all its 
ots should be free from sanitary defects 
4 health hazards, and all known sani- 
ro defects and health hazards shall be 
wstematically removed at a rate satisfac- 
tory to the reporting agency and to the 
certifying authority. Approval of public 
water supplies by the reporting agency and 
the certifying authority will be conditioned 
by the existence Ot: nel 
“(a) Rules and regulations prohibiting 
connections or arrangements by which 
liquids or chemicals of unsafe, unknown or 
questionable quality may be discharged or 
drawn into the public water supply ; 

(b) Provisions to enforce such rules and 
regulations effectively on all new installa- 


artificial 


tions; and 

(c) A continuing program to detect 
health hazards and sanitary defects within 
the water distribution system. : 

221. Applications—For the purposes of 
these standards, responsibility for condi- 
tions in the water supply systems shall be 
considered to be held by: _ 

(a) The water purveyor trom the source 
of supply to the connection to the cus- 
tomer’s service piping, and 

(b) The owner of the property served 
and the municipal, county or other author- 
ity having legal jurisdiction from the point 
of connection to the customer’s service pip- 
ing to the free-flowing outlet of the ulti- 
mate consumer. 


3. As to Bacteriological Quality 

3.1. Sampling—The bacteriological ex- 
amination of water considered under this 
section shall be of samples collected at 
representative points throughout the dis- 
tribution system. 

The frequency of sampling and the loca- 
tion of sampling points on the distribution 
system shou'd be such as to determine 
properly the bacteriological quality of the 
water supply. The frequency of sampling 
and the distribution of sampling points 
shall be regulated jointly by the reporting 
agency and the certifying authority after 
investigation by either agency, or both, of 
the source, method of treatment and pro- 
tection of the water concerned. 

The minimum number of samples to be 
collected from the distribution system and 
examined by the reporting agency or its 
designated representatives each month 
should be in accordance with the number 
as determined from the graph presented in 
Fig. 1 of these Standards* which is based 
upon the relationship of population served 
and minimum number of samples per 
month : 

*For the purpose of uniformity and sim- 
plicity in application, the number of sam- 
ples to be examined each month for any 
given population served shall be deter- 
mined from the graph in accordance with 
the following: 

For populations of 25,000 and under to 
the nearest ’ 

For populations of 25,001 to 100,000 to 
the nearest 5 

For populations of 100,001 to 2,009,000 to 
the nearest 10 
For populations of over 2,000,000 to the 
nearest 25. 


Min. no. 
: of samples 

Population served per mo. 
BOO GNA UMEET.... occ ccccsscccess 1 
RRR Ap Rem oe eae 7 
Seren rr at Sr 2h 
REA EE Se 100 
ee tee le weet .. 300 
DEE hi dharns caubanaae smn oak ae 
»,000.000 en ae 
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In determining the number of samples 
examined monthly, the following samples 
may be included, provided all results are 
assembled and available for inspection and 
the laboratory methods and technical com- 
petence of the personnel are approved by 
the reporting and certifying agencies : 

(a) Samples examined by the reporting 
agency. 

(b) Samples examined by local health 
department laboratories. 

(c) Samples examined by the 
works authority. 

(d) Samples examined by 
laboratories. 

Daily samples collected following an un- 
satisfactory sample as provided in Sections 
3.22 and 3.24 shall be considered as special 
samples and shall not be included in the 
determination of the number of samples 
examined monthly. Neither shall subse- 
quent unsatisfactory samples in this daily 
series be used as a basis for prohibiting the 
supply, provided that (1) immediate and 
active efforts are made to locate the cause 
of such contamination, (2) immediate ac- 
tion is taken to eliminate such cause, and 
(3) samples taken following such rem- 
edial action are satisfactory. 

The laboratories in which these exami- 
nations are made and the methods used in 
making them shall be subject to inspection 
at any time by the designated representa- 
tives of the certifying authority and re- 
porting agency. Compliance with the spe- 
cified procedures and the results obtained 
shall be used as a basis for certification, in 
accordance with the application given 
below. 

3.2. Application—Applications 3.21 and 
3.22 given below shall govern when ten- 
milliliter (10-ml.) portions are used and 
apptications 3.23 and 3.24 shall govern when 
one hundred-milliliter (100-ml.) portions 
are used.* 

3.21. Of all the standard ten-milliliter 
(10-ml.) portions examined per month in 
accordance with the specified procedure, 
not more than ten (10) per cent shall show 
the presence of organisms of the coliform 
group. 

3.22. Occasionally three (3) or more 
of the five (5) equalling ten-milliliter 
(10-ml.) portions constituting a single 
standard sample may show the presence of 
organisms of the coliform group, provided 
that this shall not be allowable if it occurs 
in consecutive samples or in more than: 

(a) Five (5) per cent of the standard 
samples when twenty(20) or more samples 
have been examined per month. 

(b) One (1) standard sample when less 
than twenty (20) samples have been ex- 
amined per month. 

Provided further that when three or 
more of the five equalling ten-milliliter (10- 
ml.) portions constituting a single stand- 
ard sample show the presence of organisms 
of the coliform group, daily samples from 
the same sampling point shall be collected 
promptly and examined until the results 
obtained from at least two consecutive sam- 
ples show the water to be of satisfactory 
quality.” 

3.23. Of all the standard one hundred- 
milliliter (100-ml.) portions examined per 
month in accordance with the specified pro- 
cedure, not more than sixty (60) per cent 


water 


commercial 


4It is to be understood that in the ex- 
amination of any water suprly the series 
of samples for any one month must con- 
form to both of the above requirements, 
either 3.21 and 3.22 or 3.23 and 3.24, re- 
svectively. 

5When this occurs, and when waters of 
unknown quality are being examined, 
simultaneous tests should be made on myl- 
tiple portions of a geometric series rang- 
ing from 10 ml. to 0.1 ml. or less. 
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shall show the presence of organisms of 
the coliform group. 

3.24. Occasionally all of the five (5) 
equalling one hundred-milliliter (100-ml.) 
portions constituting a single standard sam- 
ple may show the presence of organisms of 
the coliform group, provided that this shall 
not be allowable if it occurs in consecutive 
samples or in more than: 

(a) Twenty (20) per cent of the stand- 
ard samples when five (5) or more samples 
have been examined per month. 

(b) One (1) standard sample when less 
than five (5) samples have been examined 
per month. 

Provided further that when all five of 
the standard one hundred-milliliter (100- 
ml.) portions constituting a single stand- 
ard sample show the presence of organisms 
of the coliform group, daily samples from 
the same sampling point shall be collected 
promptly and examined until the results 
obtained from at least two consecutive 
samples show the water to be of satisfac- 
tory quality.° 

3.25. The procedure given, using a stand- 
ard sample composed of five standard por- 
tions, provides for an estimation of the 
most probable number of coliform bacteria 
present in the sample as set forth in the 
following tabulations : 


No. of M.P.N. of coliform bacteria 
portions per 100 mi. 
When 5-10-ml. When 5-100- 

portions are ml. portions 

examined are examined 


Nega- Posi- 
tive tive 


5 0 Lessthan 2.2 Lessthan 0.22 
4 2.2 -22 
3 2 5.1 51 
2 3 9.2 .92 
1 4 16.0 1.60 
0 5 Morethan 16.0 More than 1.60 


4. As to the Physical and Chemical 
Characteristics 


4.1. Physical characteristics'—The tur- 
bidity of the water shall not exceed 10 ppm. 
(silica scale), nor shall the color exceed 
20 (standard cobalt scale). The water shall 
have no objectionable tasté or odor. 

4.2. Chemical characteristics—The water 
shall not contain an excessive amount of 
soluble mineral substance, nor excessive 
amounts of any chemicals employed in 
treatment. Under ordinary circumstances, 
the analytical evidence that the water sat- 
isfies the physical and chemical standards 
given in Sections 4.1 and 4.21 and simple 
evidence that it is acceptable for taste and 
edor will be sufficient for certification with 
respect to physical and chemical charac- 
teristics. 


4.21. The presence of lead (Pb) in ex-: 


cess of 0.1 ppm., of fluoride in excess of 
1.5 ppm., of arsenic in excess of 0.05 ppm., 
of selenium in excess of 0.05 ppm., of 
hexavalent chromium in excess of 0.05 
ppm., shall constitute grounds fer rejection 
of the supply. 

These limits are given in parts per mil- 
l‘on by weight and a reference to the meth- 


od of analysis recommended for each 
determination is given in Section 4.31. 
Salts of barium, hexavalent chromium, 


heavy metal glucosides or other substances 
with deleterious physiological effects shall 
not be added to the system for water treat- 
ment purposes. 

Ordinarily analysis for these substances 


*When this occurs, and when waters of 
unknown quality are being examined, 
simultaneous tests should be made on mul- 
tiple portions of a geometric series rang- 
ing from 100 ml. to 1.0 ml. or less. 

‘The reovirements in Section 4.1 relat- 
ing to turbidity and color shall be met by 
all filtered water supplies. Turbidity and 
color limits for unfiltered waters and the 
requirements of freedom from taste or 
odor for either filtered or unfiltered waters 
should be based on reasonable judgment 
and discretion, giving due consideration to 
all the local factors involved. 


WaTER & SEWAGE Works, April, 1946 
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need be made only semi-annually. If, how- 
ever, there is some presumption of unfit- 
ness because of these elements periodic 
determination for the element in question 
should be made more frequently. 

Where experience, examination and avail- 
able evidence indicate that such substances 
are not present or likely to be present in 
the water supplies involved, semi-annual 
examinations are not necessary, provided 
such omission is acceptable to the report- 
ing agency and the certifying authority. 

4.22. The following chemical substances 
which may be present in natural or treated 
waters should preferably not occur in ex- 
cess of the following concentrations where 
other more suitable supplies are available 
in the judgment of the certifying authority. 
Recommended methods of analysis are 
given in Section 4.3. 

Copper (Cu) should not exceed 3.0 ppm. 

Iron (Fe) and manganese (Mn) to- 
gether should not exceed 0.3 ppm. 
Magnesium (Mg) should not exceed 125 


ppm. 

Zinc (Zn) should not exceed 15 ppm. 

Chloride (Cl) should not exceed 250 
ppm. ; 

Sulfate (SO,) should not exceed 250 
ppm. 


Phenolic compounds should not exceed 
0.001 ppm. in terms of phenol. 

Total solids should not exceed 500 ppm. 
for a water of good chemical quality. How- 
ever, if such water is not available, a total 
solids content of 1,000 ppm. may be per- 
mitted. 

For chemically treated waters, i.e., lime- 
softened, zeolite or other ion-exchange 
treated waters, or any other chemical treat- 
ments, the following three requirements 
should be met: 


Bacterial Properties of 


Chloramines 


In the Feb. 8, 1946 issue of the U. S. 
Public Health Reports, Vol. 61, pp. 157- 
192, appears a report on a study of the 
“Bacterial Properties of Chloramines,” 
written by the investigators, C. T. Butter- 
field, Prin. Bacteriologist, and Elsie Wat- 
tie, Bacteriologist, U. S. Public Health 
Service, Sanitary Engineering Division, 
Water and Sanitation Investigation, Cin- 
cinnati, Ohio. 

A previous paper had investigated the 
influence of pH and temperature on the 
survival of coliforms and enteric path- 
ogens when exposed to free chlorine. The 
work in this recent study investigates the 
effect of chlorine compounds on bacteria, 
particularly the ch'oramines as would 
exist in a chlorinated water which had not 
been chlorinated to the breakpoint. 

The most pertinent findings of the study 
may be taken from the summary of the 
article. 

1. The length of time of exposure of 
the bacteria in water to chloramine and 
the amount of chloramine present are 
primary factors governing the rate of bac- 
terial kills. Under favorable conditions 
(pH 7.0; 20 to 25 °C.) 100 per cent kills 
cannot be expected in less than 20 min- 
utes with chloramine residua's of about 1.2 
ppm. 

2. The hydrogen-ion concentration has 
a pronounced effect on bacterial activity 
of chloramine, the activity being diminished 
with each decrease in hydrogen-ion con- 
centration, i.e. increase in pH value. 


A lowering of temperature retards 


the bacterial activity of chloramine. 

4. Under certain conditions some strains 
of certain enteric bacteria appear more 
resistant than are E. Coli. 





WaTER & SEWAGE Works, April, 1946 
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(1) The phenolphthalein alkalinity (cal- 
culated as CaCOs) should not be greater 
than 15 ppm. plus 0.4 times the total alka- 
linity. This requirement limits the permis- 
sible pH to about 10.6 at 25° C. 

(2) The normal carbonate alkalinity 
should not exceed 120 ppm. Since the 
normal alkalinity is a function of the 
hydrogen-ion concentration and the total 
alkalinity, this requirement may be met by 
keeping the total alkalinity within the 
limits suggested below when the pH of 
the water is within the range given. These 
values apply to water at 25° C. 


Limit for total 
alkalinity (ppm. 


pH Range as CaCO:) 
3. ee Se ee 400 
| ae ree 340 
NS aide Skee ean awe 300 
| Serr re 260 
ere 230 
Bi Betktecksédecnes sus 210 
DoS e 6060 cdsvaseesee 190 
| 2 eee 180 
nb eéenewaséeteuens 170 
es 2. eer 160 


(3) If excess alkalinity is produced by 
chemical treatment, the total alkalinity 
should not exceed the hardness by more 
than 35 ppm. (Calculated as CaCQs). 

° 8 

4.3 Recommended methods of analysis*: 

4.31. Ions with required limits of con- 
centration. 

‘For the chemical determinations referred 
to in this report, when given, the methods 
of analysis recommended by the Associa- 
tion of Official Agricultural Chemists are 
satisfactory and may be substituted for 
those recommended in the Standard Meth- 
ods for the Examination of Water and 


Sewage, current edition, which are speci- 
fically cited. 
5. The presence of excessive amounts 


of ammonia nitrogen (Cle: N ratios up 


to 1:25) did not markedly reduce the 
bactericidal efficiency of the _ resultant 
chloramines. 

6. The duration of the contact time 


(0 to 68 hr.) of the chloramine compo- 
nents, chlorine and ammonia, did not alter 
the bactericidal properties of the chlor- 
amine. 

7. Chloramines are 
as bactericidal agents than free chlorine. 
Thus to obtain a 100 per cent kill with 
the same period of exposure required about 
25 times more chloramine chlorine than 
chlorine as such, and to obtain the same 
kill with the same amounts of chlorine as 
chloramine under the same conditions re- 
quired approximately 100 times the ex- 
posure period for the chloramine. 


much less efficient 


A First Annual Report 
Alliance, O. 


It is not uncommon for annual reports to 
be issued as much as six months or more 
after completion of the year covered. We 
consider it rather unique, therefore, that 
the First Annual Report of the Dept. of 
Water and Sewage of Alliance, O., was 
issued within a month after the end of 
1945. Prepared by Donald D. Heffe!finger, 
Engineer-Manager, this report is complete 
from the growth of population curve from 
1875 to 1945, cost of sewage treatment 
plant contracts, present and proposed, as 
listed on the final page 38 of the report. 

Mr. Heffelfinger has included in this 
outstanding mimeographed annual report 
property maps of the Dept. of Water and 
Sewage, flow diagrams of the management, 
as well as flow diagrams of the physical 





Arsenic (As): Official , 
Methods of Analysis. Association cratit 
cial Agricultural Chemists, 1940 Off. 
also “Colorimetric Microdeterminario } 
Arsenic,” Morris B. Jacobs and he 
Nagler. Jndustrial and Engineering chat 
istry, Anal. Ed., 14: 442 (1942), 9 ~"“™ 

Fluoride (F) : Standard Methods for 
Examination of Water and Sewage, cur 
edition; also “Methods of iene 
Fluorides,” Committee Report, A, P Black 
Chairman. Journal American Water Work: 
Association, 33: 1965-2017 (1941), , 
; Lead (Pb): Standard Methods for th 
Examination of Water and Sewage, curr : 
— a 

Selenium (Se): Official an . 
Methods of Analysis. Association of aa 
cial Agricultural Chemists, 1940, pp. 11 pow 
417; also Robinson, W. O., Dudley, H Cc 
Williams, K. T., and Byers, Horace G. 
“The Determination of Selenium and Ar. 
senic by Distillation.” /ndustrial and Engi- 
neering Chemistry, Anal. Ed. 6: 24 
(1934). 

Hexavalent Chromium: Standard Meth. 
ods for the Examination of Water ang 
Sewage, current edition. 

4.32. Ions and substances with suggested 
limits of concentration. 

Copper (Cu) : Standard Methods for the 
Examination of Water and Sewage, cur. 
rent edition. 

Iron (Fe) and Manganese (Mn): Ibid. 

Magnesium (Mg): Ibid. 

Zinc (Zn) : Ibid. 

Chloride (Cl) : Ibid. 

Sulfate (SO,): Ibid. 

Phenolic compounds: Ibid. With dibrom- 
quinonechlorimide as an indicator. 

Total solids: Ibid. 

Alkalinity: Ibid. 





properties, both for water and for sewage 
plants, map of proposed water supply, and 
charts showing receipts and expenses from 
1938 to °45. 

One of the interesting items included in 
the report is the appraisal of the water 
department at $1,940,000, and the appraisal 
of tthe sewage works at $841,200. This 
does not include the 60 miles of sanitary 
sewers in the city. Water rates run from 
a minimum of $3.25 for 8,000 gallons to 
19 cents per 1000 gal. for the next 42,000 
gallons, and 12 cents per 1000 for the 
next 50,000 gallons. Discounts of 10 
per cent are allowed if bills are paid by 
the 10th of the month. Sewer rates, also 
quarterly, are 25 cents per month for each 
water connection installed within the city, 
plus an additional charge of 5 per cent of 
the cost of water consumed over the mini- 
mum charge of $3.25 per quarter, with a 
maximum charge of $200. Outside the 
city the charge is $2.00 per quarter for 
domestic, and $1.00 per employee per year 
for industrial, except that the maximum 
charge shall not exceed $250.00. During 
the year the Water Department had a 
surplus of $15,972.00. While expenses 
have risen in the past two years, the 
charts indicate the sound financial position. 

The Department proposes a considerable 
improvement program, including a_ water 
softening plant, new water mains, booster 
station, etc., all of which are expected to 
be started in 1946. 








The report also contains material on 
filtration, pumping, distribution, chemical 
analysis of the water, analysis of the sew- 
age and affluent, and sewage plant opera- 
tion, as well as the contracts preposed for 
converting Imhoff tanks to primary sét- 
tling tanks, the building of digesters and 
appurtenances, along with other equip- 
ment. 
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HE idea of employees sharing in the 

profits of a manufacturing plant or 
any private business is not new; it has 
heen established with various degrees of 
success, depending upon many factors. The 
plan adopted by Waukesha, which provides 
that employees share in the profits of a 
municipally owned utility or service, how- 
ever, is new. To our knowledge, there is 
no other plan like this in effect anywhere 
in the country. 

In developing this plan, there were many 
objections encountered which might be 
considered deterrents. Particularly out- 
standing was the argument that municipally 
owned utilities are, after all, owned by 
the community-at-large, and therefore any 
division of profits would in a sense deprive 
the owners of either a lower water rate 
or higher return to the city’s general fund. 


Commission Operation 

The state of Wisconsin is fortunate in the 
operation of its publicly owned utilities in 
that the regulatory features and the rate 
making device are under the control of the 
Public Service Commission of Wisconsin, 
one of whose chief duties it is to see that 
the customer gets the best possible service 
at the least possible cost. Because the 
Public Service Commission is in that posi- 
tion, public utilities can operate more or less 
on what might be called the private enter- 
prise basis. Section 66.06 of the Wisconsin 
Statutes is quite clear with reference to the 
establishment of governing bodies operating 
municipally owned utilities, particularly 
Sec. 10, “Management,” and Sec. [1], 
“Charges,” which read in part as follows: 
Sec. 10—Management. (a) In cities 
owning a public utility, the council shall, 
and in towns and villages owning a public 
utility the board may, provide for a non- 
partisan management thereof, and create 
for each or all such utilities, a board of 
three or five or seven commissioners, to 
take entire charge and management of 
such utility, to appoint a manager and fix 
his compensation and to supervise the oper- 
ation of the utility under the general control 
and supervision of the board or council. 
(b) The commissioners shall be elected 
by the board or council for a term, begin- 
ning on the first day of October of as 
many years as there are commissioners, ex- 
cept that the terms of the commissioners 
frst elected shall expire successively one 
each year on each succeeding first day of 
October. . 
(c) The commissioners shall choose from 
among their number a president and a sec- 
retary. They may command the services of 
the city engineer and may employ and fix 
the compensation of such subordinates as 
shall be necessary. They may make rules 
tor their own proceedings and for the gov- 
ernment of their department. They shall 





and 
uip- 


keep books of account, in the manner and 
torm prescribed by the public service com- 
mission, which shall be open to the public. 


By A. P. KURANZ 
Manager 
WAUKESHA WATER UTILITY 
WAUKESHA, WIS. 





This article, which appears. simul- 
taneously in the April, 1946, issue of 
the A.W.W.A. Journal, is being printed 
by authorization of the editor of the 
Journal. 

An article by the same author, re- 
vealing Waukesha’s Employee Profit 
Sharing Plan for the first time, was 
featured in the February, 1945, issue of 
this magazine. The accompanying 
article written a year later, in addition 
to describing this new departure in 
municipal employee compensation, 
brings up to date Waukesha’s experi- 
ences with the profit sharing plan which 
has now received official sanction of 
the Wisconsin Public Service Commis- 
sion as a legal process for a publicly 
owned utility. 











Sec. 11.—Charges. (c) The income of a 
public utility owned by a municipality shall 
first be used to meet operation, mainte- 
nance, depreciation, interest and sinking 
fund requirements, local and school tax 
equivalents, additions and improvements, 
and other necessary disbursements or in- 
debtedness. Income in excess of these re- 
quirements may be used to purchase and 
hold interest bearing bonds, issued for the 
acquisition of the utility, or bonds issued by 
the United States or any municipal corpora- 
tion of this state, or insurance upon the 
life of an officer or manager of such utility, 
or may be paid into the general fund. 


Basis for Decision to Institute 
Employee Profit Sharing 

It will be noticed from these sections of 
the statute that first of all, municipally 
owned utilities are to be under a nonpartisan 
management and that they have the power 
to fix wages and salaries of the manager 
and employees. Section 11 (c) clearly 
stipulates what shall be done with the in- 
come of a municipally owned utility. It 
follows very readily that if the utility com- 
mission were out of line in establishing 
wages and salaries it would be reflected in 
the operation of the utility and, conse- 
quently, the Public Service Commission 
would be in a position to raise a question. 
It also seems reasonable that a_profit- 
sharing plan is entirely proper and the only 
objection to it might be that it would upset 
the rate structure, and again, the Public 
Service Commission would be interested in 
this phase of it. 

In considering such a plan, therefore, it 
was felt that if the arrangements did not 
in any way affect the final rate structure 
there could be little objection from any 
source. This was reasoned to be particu- 
larly true in the case of the water utility 
in Waukesha. Since the commission had 
established its financial program on the law 
as propounded in Sec. 11 in that proper 
provisions were made for local and school 
taxes, which are assessed against the utility 
on the basis of capital investment less de- 
preciation, the utility is on the same basis 
as that of other manufacturing plants, so 
that the taxes the utility pays the city are 
on a basis exactly the same as if the utility 


were privately owned. Since the city, in the 
early days of the acquisition of the water 
utility, had invested funds through bond 
issue, it seemed reasonable that a dividend 
should be paid on this investment. This, 
too, is part of the financial setup in the case 
of the Waukesha Water Utility. In addi- 
tion to this, an agreed upon sum, which 
varies from year to year, is paid to apply 
on the city’s equity in the plant. 

Since the Public Service Commission of 
Wisconsin has taken the stand supported 
by Statute 66.06 (llc), that a utility, even 
though municipally owned, is entitled to a 
fair rate on its investment, and if the 
utility rates are such that a profit is made, 
surely those who are in immediate charge 
of operating the utility have had much to 
do with making this profit possible. There, 
then, follows the line of reasoning that 
the employees are directly responsible for 
making this profit and no valid reason can 
be presented against their sharing in the 
fruits of their labor. 

With that idea developed to its logical 
conclusion, it seemed feasible, just, and 
morally correct that the employees should 
share in this profit. The next step was to 
determine the basis upon which such profits 
should be shared, and the. plan of using 
the employees’ salaries and wages was the 
beginning point. The determination of the 
total amount was carefully studied and ar- 
rived at, on a very arbitrary basis, and it 
can be argued that there is no justifiable 
reason for doing it as it is done. Since 
the idea was so new, however, and since 
there was no pattern to follow, it was de- 
cided to make a bold move and the follow- 
ing motion was developed and put into 
effect covering the earnings for the years 
1944 and 1945: 


Waukesha Water Utility's Employees 
Profit-Sharing Plan 


THAT, the employees shall share in the 
net income of the Waukesha Water Utility 
as determined by the auditors engaged by 
the Water Utility Commission each year. 

THAT, the net income will be the 
amount ‘remaining after retirement ex- 
penses, local taxes and dividends on the city 
equity have been deducted. 

THAT, the employees share on the basis 
of 4 per cent of this net total, but that no 
employee’s share shall exceed $200 per 
year. 

THAT, each employee who has been 
with the Waukesha Water Utility for a 
period of six months during the year in 
which the plan is effective, share on the 
basis of his total wages and salary, includ- 
ing the Salary Savings Plan now in effect 
for most of the employees of the Waukesha 
Water Utility. 

THAT, said profit-sharing payment shall 
be made after the auditors engaged bv the 
Water Utility Commission have made their 
report. 


WaTER & SEWAGE Works, April, 1946 
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AN EMPLOYEE PROFIT SHARING PLAN OF 
A MUNICIPALLY OWNED WATER UTILITY 


Declared Legal by State Public Service Commission 
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THAT, the plan shall be considered as 
part of the wages and salaries paid to 
each employee. 

It will be noted in the third paragraph 
that the figure 4 per cent of the net total 
was used, which is the figure referred to 
as “arbitrary” in a previous paragraph. 
One other feature of importance was that 
a limit of $200 per year was established 
because, since most municipally-owned util- 
ities have one or two, or at least only a 
few, top-paid employees, there might be a 
feeling of inequality among the employees 
themselves and certainly from the em- 
ployee’s angle would create a much better 
feeling if the top-salaried men would be 
limited in their share. The total amount 
set aside under the plan, however, did not 
vary, so the amount that the manager and 
other top paid employees did not receive 
according to the sharing set-up was redis- 
tributed among the lower paid employees, 
so that in Waukesha’s case the effect of the 
profit-sharing plan was a salary increase 
ranging from 3.6 per cent for the high-paid 
employees to about 8 per cent for the low- 
paid employees. The payment of the profit- 
sharing is made after the State Tax Com- 
mission auditors have completed their audit 
and after the utility’s reports have been 
made to the Public Service Commission. 
These checks are issued within a_ few 


(From the DIGESTER of the I[Il. Dept. of Health) 


Example 2: B.O.D. OF PRIMARY EFFLUENT 


A 


SHORT, simple formula for the calculation of biochemical 


\N EMPLOYEE PROFIT SHARING PLAN OF A MUNICIPALLY OWNED WATER UTILITY 


months after the close of the year in which 
the plan is effective. 

Up to this point, all of the activity orig- 
inated with the local water utility com- 
mission and proper action was taken to put 
the plan into effect locally. After this was 
done and the provisions of the employees’ 
profit-sharing plan carried out on the basis 
of 1944 earnings, the plan was discussed 
with the Public Service Commission and 
after several exchanges of correspondence 
and visits to the Public Service Commis- 
sion, attention was called by the Commis- 
sion to Sec. 196.11 of the Wisconsin Stat- 
utes, which is as follows: 

Sec. 196.11.—Profit Sharing and Sliding 
Scales. (1) A public utility may enter into 
any reasonable arrangement with the cus- 
tomers or consumers or with its employees, 
for the division or distribution of its sur- 
plus profits, or providing for a sliding scale 
of charges, or other financial device that 
may be practicable and advantageous to the 
parties interested. No such arrangement 
or device shall be lawful until it shall be 
found by the commission to be reasonable 
and just and consistent with the purposes 
of this chapter. Such arrangements shall 
be under the supervision and regulation of 
the commission. 

It must be confessed that the statute 
apparently did provide the local water util- 


E-Zee Bee-O-Dee 











ity commission with legal author; 
the plan into effect, so the Pui om 
Commission thought that a public ee 
should be held on the plan and set by: 

of the hearing for Nov. 20, 1945, Oy 
ary 15, 1946, the utility received the fa 
lowing from the Public Service Com 
sion of Wisconsin: Mis. 


Public Service Commission of 
Wisconsin 


The Commission Finds and De 
That the employee profit-sharing plan Of the 
Waukesha Water Utility, as discussed 
above, is reasonable and just and consisten 
with the purposes of Chapter 19% of the 
Statutes. 

Dated at Madison, Wisconsin, this 15th 
day of Jar.uary, 1946. ae 

This finding and determination, of course 
provided the legal authority to make th 
plan legally effective and it gave much sup. 
port to the local water commission, If the 
net result of the plan as originally intend 
wo-ks out to any degree of success, the 
local water commission feels very strongly 
that it may become a permanent plan: x 
least the water utility commission {els 
that the plan should create not only bette: 
public relations but also better employee. 
manager relationships. y 


termines. 











oxygen demand, developed by Professor H. M. Gifft of Cor- Given: D.O. in blank after incubation = 84=W 
nell University, and published in the August, 1943, issue of D.O. 7m dilution _ after incubation = 22=D 
Water Works and Sewerage, has been modified slightly by us I , ned bef diluti aiies 
[The Digester] for easier calculation. 1.0. in sample — oe Se 
The formula can be used for all types, strengths, and conditions percent ot sample in dilution =5. =P 
of sewages, wastes, and polluied waters, with results identical to 100 
other accepted methods. It has the advantages of correcting auto- Then: B.O.D. = (W — D) x —-+S—W 
matically for the dilution water B.O.D. and of requiring only ' 
one dissolved oxygen test prior to incubation. In some cases even f 
the D. O. Test may be estimated with sufficient accuracy. 100 
So—o—o, if you'd like to use something that makes your Step 1: (8.4 — 2.2) x ——+ 1.1— 8.4 
B.O.D. work simple, try this method—it’s easy. 5 
100 . , 
, . Step 2: 62x 20 +1.1—8.4 
Formula: B.O.D.= (i D)x—rtS iH . “1 = - 
Step 3: 124 + 1.1 — 8.4 = 116.7 = ppm 
w= DO. in blank after incubation B.O.D. (Ans.) 
D = D.O. in dilution —_ after incubation Example 3: B.O.D. OF FINAl EFFLUENT 
> D.O. a! a hefore a Given: D.O. in __ blank after incubation= 86=W 
percent of sample in dilution ; “ig a sacaliatton an SMe 
Example 1: B.O.D. OF RAW SEWAGE D.O. in dilution “red incu pation = £40= : 
Given: D.O n blank after incubation = 8.0 = W D.O. in sample lefore dilution = 64=% 
D.O. in di‘ution after incubation = 3.3 = D percent of sample in dilution =25. =P 
D.O. in sample before dilution =0.0=S 100 
per cent of sample in dilution =i =F Then: B.O.D. = (W—D) x — Lc Ww 
100 :BonR= : 
Then: B.O.D. = (W D) x +S—W p 
p 100 
100 Step 1: (8.6 —2.6) xX —- + 64—8.6 
Step 1 (8.0 — 3.3) x + 0.0 —8.0 > 
: F =. 
2  & - 
Step 2 47x 50 +00—80 step é: 60K 4 +64—8.6 
Step 3 235 + 0.0 — 8.0 = 227 ppm Step 3: 24 + 6.4 — 8.6 = 21.8 = ppm 
B.O.D. (Ans. ) B.O.D. (Ans.) 
: 4 able to the water works fraternity without unsound practice. All operations from 
Installing Cast Iron Pipe charge, except for return transportatien. loading to handling on the job, jointing 
: : Running about 22 minutes, this 16 mm, 4% backfilling are shown. . 
A Motion Picture . “ee . . al a . Prints of the film are loaned without 
film features the journey of a carload of de to 
The Cast Iron Pine Research Associa- vipe from foundry stockpile to backfilling charge or arrangements may be made 
sins tena, tient tox Ged eae Geatien pic- oe ie A tse cS c _ mg have a representative of the Association 
"? 1 thi - “Installing Ca: _ CS Sees See. 1 pur- make the showing. Write to Thomas F 
care, Say is one. Inna aK ay pose of the film is to show accepted and Wolfe, Research Engineer, Cast Iron Pipe 
Pipe,” like its two predecessors* is avail- generally followed methods of handling and Research Assn., Peoples Gas Bldg., “ir 
°“Pipe and the Public Welfare” an‘ installing cast iron pipe and to illustrate cago, IIl., or to the sales office of any com 
“Health and the Cycle of Water.” the difficulties resulting from careless or pany member of the association. 
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‘d the {oj Consulting Engineer and Chemist 
Commis NEW YORK 
igi ork on filter sand was = ; values -have been computed the “effective 
an of The ere Alen Hazen about 1890. O* PAGE 218 of the July issue of size” and “uniformity coefficient” found in 
done Oy caine the terms “effective size” Water Works & Sewage there ap- each stratum. 
clerming Heeeruniformity coefficient” which are in gg be — ‘gen a The top % in. layer of sand contained ap- 
olan of th = today. As Baylis has pointed out, oe ~_— y 3 noes uislip, proximately 80 per cent of 48 mesh and 
discuss ment, Hazen’s work was primarily et pe Re pane 7 napa Ad “ef 20 per cent of 35 mesh sand. The effec- 
Consisten applicable to “slow” rather than to “rapid ee ee a ge ge coefmicient, et- tive size for this stratum was 0.35 mm. 
% of . or chers. ective size and mesh size. and the uniformity coefficient 1.17, Most 
Sand employed in the former was often Following the publication of this ar- of the stratification took place within the 
this 15¢, unwashed and ungraded and hence con- —_ one Calvert, Supt. of Filtration, top 2 n., although a definite gradation 
: tained a relatively high per cent of “fines ‘e oy is W ater Co., wrote to Say in both 48 and 28 mesh sizes 1s also seen 
Of course and the sizes extended over a wide range. that his an used we — from top to bottom. This filter showed 
make the It was not uncommon to have an effec- se hae ton Bec aut eng his the best hydraulic grading of those 
nuch sup. tive size as low as 0.2 mm. with a uni- = om — aoe > nage satis- sampled, though mud _ balls were present 
n. If the jormity coefficient of 3.0 or higher. — ag ne ae a ed yack at all depths. The author considers this 
intended With these conditions, Hazen found = . _ oO ate? -* cng A orks an ideal grading, and the presence of the 
CESS, the , that the fine sand (0 to 10 per cent) had asked the wry = stract his —_ large per cent of 48 mesh on top of the 
Strong]; about as much effect upon filtration effi- rm artic-e (7. A 32, 121, 1940) filter gives excellent reduction in turbid- 
plan; 3 ciency as practically all the other sizes or use as Reference and Data material. ity. 
ion feel poor Mery The original article was developed The results of Mamaroneck, N. Y., 
ly better Today, the “fines” (retained on 150, 100 from a study of filter sand, filter sand samplings show this sand had an effec- 
mployee and 65 mesh), as well as the coarse sand classification, effect of wash water rise, tive size of 0.45 mm. and a uniformity 
(retained on 12 and 14 mesh screens) are and location of wash water troughs at coefficient of 1.32, and is well adapted to 
eliminated by the producer through wash- six filter plants, as well as the theory good filtration. Practically all stratifica- 
ing and screening. Under these circum- of filter bed expansion, and sand speci- tion took place within the top 2 in., which 
stances, effective size and uniformity co- fications. as is the region mainly responsible for the 
eficient lose much of their original sig- For the present purpose, it is only removal of floc and turbidity. The per 
nificance. necessary to abstract the information cent of 48 and 20 mesh was small, and 
There are two screen scales availaole. and data on sand classification together the sand was roughly two-thirds 35 mesh 
The clear opening between meshes of the with the filter sand specifications the and one-third 28 mesh. 
“square root of 2 series” increases in the author proposed at that time, as a result At Nyack, N. Y., the per cent of 
ratio of 1.414. This is entirely adequate of those studies. 48 mesh was low, but the bulk of this was 
4=W for filter sand analysis. The greater re- found in the top 2 in. and practically all 
) 2 a finement enabled by the “fourth root of 2 in the top 6 in. The stratification of the 


series” (1.189) is not warranted. the surface as is shown by the complete 35 mesh is evident only in the top 2 in. 








=5§ > - . . a ‘ 
1=s According to the theory of hydraulic recovery of a slow sand filter after skim- A small per cent of 20 and 14 mesh sands 
. =P | subsidence, backwashing should grade ming. : , were present and these were uniformly 
sands within a layer, leaving the coarsest From both theoretical and practical distributed from 2 in. below the top to 
material at the bottom and the finest at the considerations, all 65 mesh sand should the bottom. This demonstrates in general 
top. be excluded, or, in other words, the “finest the advisability of excluding if possible 
sand which can be maintained in a layer the 14 and perhaps 20 mesh sand entirely. 
Filter Sand Requirements at 50 per cent expansion is the 48 mesh The effective size of the entire layer was 
| A filter sand should be used which will 7° i n cin _ - posers bcngper 
produce a clear and sparkling effluent— +e ag: ‘lt JS. JES Te ACC Cs UNS COM 
free from coagulant—under the worst shaltieatien * rater Sane bination of sand sizes, the filter has con- 
ppm rather than average conditions of floc for- Table I gives the results of analyses sistently produced an effluent with tur- 
mation. The poorest coagulation i _ of samples collected at the Danbury, Conn., bidity quite comparable to distilled water 
( Ans.) I coagulation is gen : : . - h : 
= erally experienced during the fall season. Plant. The amount of sand retained on and has not permitted the passage of any 
Filter sand should also completely pre- the 65 and 14 mesh sieves was less than carbon applied to the top of the filter, 
6=W vent the passage of activated carbon when 1 per cent, which, for practical purposes, when applied one-half hour after back- 
6=D this is applied to the top of the layer. ™ay be disregarded. The significant washing. _ ae . , 
4a This important qualification has arisen Mounts in all filter sand analyses are those At Ossining, N. Y., little stratification 
» only within the past several years. retained on the four sieves: 20, 28, 35 and = Was evident. The proportion of 20 mesh 
=F fi 48 mesh. sand (which was low in the previous 
Effect of Fine Sand on Clarity of Effluent This table lists seven individual anal- filters) was relatively high in this filter. 
eee fnanens yses, each showing “per cent retained” Two inches of fine sand (35 and 48 mesh) 
epeated instances have shown that and “per cent passing.” From the latter were added and resulted in a lowering of 
= 35 (and some 48) mesh sand was 
added to eithe SS rity fi 
eh either pressure or gravity filters TABLE I 
dehcient in these sizes, immediate improve- 
ment in the clarity of the effluent was Analyses of Sand Filter No. 5, West Lake Plant, Danbury, Conn., 
noted. This led to the author's firm con- August 11, 1939 
viction that fine sand is essential to the — —_——__— —————--Depth in Layer-——— ——_—______—__- 
m production of a finished water with a tur- O"-1%" = y"-2" "6" "12" 12”-18" 18"-24"  24”-28" Total 
Ans.) hidity comparable to distilled water. Percent Percent Percent Percent Percent Percent Percent —-—Per cent— 
Although fine sand will undoubtedly b 
give a shorter filter run than coarse, this -- Z 
; is partly due to the removal of a greater 3E . @ 2» @ 2» 4% w» % » &% 2 @ 4 a dad» & 
trom per cent of suspended matter from the 77 2 &eéea eS 2 og ee eg é ¢ & 5s ¢ ¢ 
inting a water. Long filter runs are more 
ependent upon the design an fFci Vv 65 see! ae . 0.7 A ce kw, SS dae * fe meee 
ithout of the mixing basin ~ _ C Sew 48 80.2 1.8 62.1 1.039.1 2.1203 0.7 163 0411.9 0.1 9.2 0.6 239.1 34.2 0.9 
de : : — os Se nae 35 18.0 82.0 26.9 63.1 55.7 41.2 60.2 21.0 61.3 16.7 59.6 12.0 49.0 9.8 340.7 48.7 35.1 
call nen ag Rag sedimentation basin than 28 ... 100.0 ... 100.0 3.1 96.9 16.3 81.2 19.3 78.0 25.4 71.6 26.1 58.8 90.2 12.9 83.8 
tation upon the size of sand employed. 20 si vee cee 100.0 2.5 97.5 2.7 97.3 3.0 97.0 5.2 84.9 13.4 1.9 96.7 
as F The loss of head through either fine ¥ ead eS se Te oes Se bg: pay by as eae 
Pipe or coarse sand takes place principally at 3 os i ~~ 100.0 700.0 100.0 
Chi- “che Effective 
com- @ n abstract of an article on ‘Filter Size—mm., 0.35 0.36 0.36 0.39 0.40 0.42 0.42 0.38 
a which appeared in the January issue Uniformity 
of the Jour, AWWA, p. 121, 1940. Coefficient 1.17 1.17 1.36 1.41 1.41 1.39 1.45 1.40 
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FIGURE 1 FIGURE 2 
COMPARISON OF FILTER SANOS EXAMINED TYPICAL FILTER SANOS~COMMERCIAL-NY. ay 
OANBURY MAMARONECK 6 NYACK OSSINING LARCHMONT 4 POOL A ———— ESE = +... 
or 7 rae ————— ——— "a8 ES Y Y Yj WA se) e!f = 
WY = - AVAVZA AVA |al WH isle 
|W 35 YA V3 VA WZ 7 
2oL Vas 35 a _ ZG YA VAS, WY bet Bb 
paggt Sth 38 2e| | ee / yj A ¥3s4 VW 
A 35 1FaS Ae’ /) Ae i, 
7 (7. Yj, 7 F ay ly Yy /, - . 
LLL 35 Vp 77 “AY Vy, “ 
= eo LG, Vf, =“ WH ze Uy J ™ 
w Y “Yi Z y Z 
. Yj Mn WA VZ “Te Y Yj “4 4 
« “jj “N, Yj 28 w Y ‘ ae) 35 Wi, 
* sol | 35 Of WY Yj Y i Yy , ZZ “yj %Y 
: 4 Vi 4i4 Veo yy 26] | 28 wa Y) / 
YA YY a Me VA V4 LU, AY i 
“Ys Yj Yj sok 1/4 ZA 426 28 tA, WA Vas VW 
80}- yee” Af 20 AAA A/ Of 7 A fy Ws / 35 tf, ‘ 
= yy Uy -_ BF AVAL 4AVAWA Ka 
“A VA ot ZZ fe] LZ mad 2 EY (Z| 
J / / (/ 4 y, 
| “ayy wo L tesrs ws Sk 
= 22 craze — 20 7 ESO65 0.61 O82 O52 O05 049 O47 039 0.29 O29 4 
es. 0.38 0.45 0.50 $4 0.49 0.45 ve w.se 8160) 6162 144 017 8.430 1.420 138 1.45) 150 ~ 
uc. 1.40 1.32 1.38 1.55 1.35 1.67 ' 2 3 4 5 6 7 8 9 * hd 
" 
Fig. 1. Comparison of Filter Sands Experiment Fig. 2. Typical Commercial Fitter Sands 
turbidity of the effluent from 0.4—0.5 to ation between effective sizes and uni- proportions. If a long sedimentation Period 


0.0—0.2 ppm. 


At Larchmont, N. Y., the hydraulic 
grading was very good, but contrary to 
the preceding findings, the coarsest sand 
(28 and 20 mesh) was found at the top, 
and the finest sand (35 mesh) was pre- 
dominant at the bottom of the layer. This 
sand was jet black and coated with 12 
per cent of manganese oxide, computed 
as Mn. The specific gravity was deter- 
mined for the 35 and 28 mesh sands re- 
spectively, and it was found that the larger 
sizes were lower in weight per unit vol- 
ume than the smaller sizes due to the 
build-up of the porous coating. The effect 
of density was sufficient to cause complete 
reversal of normal hydraulic subsidence, 
but this is in accordance with Stokes’ law, 
which states that the rate of subsidence 
is proportional to the square of the diam- 
eter and to the difference between the 
specific gravity of sand and water. This 
filter, however, functions as a _ contact 
layer for removal of manganese as well 
as for filtration. 

The Highbridge Pool filter was sampled 
since the lip of the wash water trough 
is 54 in. above the top of the sand, which 
is approximately twice the conventional 
distance. Here we note a relatively large 
per cent of 20 mesh and a reduction in 
the 35 and 48 mesh sizes. This naturally 
greatly increases the uniformity coefficient. 
No stratification existed below the 2-in. 
depth. 


Comparison of Filter Sands Studied 


Fig. 1 shows a comparison of all filter 
sands examined. Effective sizes ranged 
from 0.38 to 0.54 and uniformity coefficients 


from 1.32 to 1.67. The Danbury filter, 
with low effective size and uniformity 
coefficient, showed the best stratification. 


The stratification at Nyack was better than 
at Ossining, which may be due to the use 
of three sizes of sand at the Ossining 
plant as compared with practically two 
sizes at Nyack. 


Comparison of Commercial Filter Sands 


Fig. 2 gives typical commercial filter 
sands produced in New York and New 
Jersey. Numbers 1 and 2 would give the 
longest filter runs. Due to the large 
amount of 20 mesh and the inclusion of 
some 14 mesh, No. 2 would probably re- 
quire less backwashing. The amount of 
35 mesh sand present, however, is too 
low to provide efficient filtration during 
times of poor floc formation. The char- 
acteristics of these sands are more sim- 
ilar than is indicated by the existing vari- 
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formity coefficients. 

Number 3 has a larger per cent of 35 
mesh, but too great a per cent of 20 mesh. 
Number 4 is a fair filter sand, although 
it would be preferable if the 35 mesh 
were increased, and the 20 mesh de- 
creased. 

Numbers 5, 6, 7 and 8 are the best of 
the lot, and No. 8 would undoubtedly 
give the clearest effluent, but shortest filter 
run. It is adapted to a plant with a sedi- 
mentation period of 4 to 6 hours. Num- 
ber 6, with a uniformity coefficient of 1.43 
and an effective size of 0.49 mm., would 
be best for a 3-hour basin. The small 
amount of 48 mesh sand would be found 
largely at the top of the layer. 

Numbers 9 and 10 are useful for addi- 
tion to an existing filter which is lacking 
in “fines.” Number 9 could be added to 
No. 1 to very good advantage, and would 
result in a marked improvement of this 
sand. Number 11 is worthless for filters 
since it contains too much 100 and 65 
mesh. It would increase the uniformity 
coefficient when added to practically any 
sand, and at least 22 per cent (represent- 


TABLE II 
Suggested Size Specifications 


- Sieve Number— 
V2 Series Tyler U.S. Series 








Standard Equivalent Millimeters Minimum Maximum 
65 , 70 0 1 
48 50 0.295 0 9 
35 40 0.417 40 60 
28 30 0.589 40 60 
20 20 0.833 0 9 
14 16 1.168 0 1 


ing the 100 and 65 sizes) would soon be 
lost through backwashing. 


Selection of Filter Sand 


The bulk of so-called filter sands on 
the market today are in reality screened 
for moulding and blasting. The demand 
for filter sand is exceedingly low and 
amounts to only two-tenths of 1 per cent 
of the total sand sold commercially, ex- 
cluding that used for building, paving and 
railroad ballast. 

In selecting a filter sand it is preferable 
to take a standard grading rather than 
have a producer change his screens to 
meet rigid specifications. The output of 
several companies should be examined. If 
necessary, two sands may be blended when 
the filter is built. If this is done by the 
producer, the shipment may materially 


differ from the sample submitted. 

In the opinion of the writer, the 48 
and 20 mesh sizes should be limited to 
about 10 per cent each, with the latter 
excluded if possible. The 35 and 28 mesh 


sizes 


should be present in about equal 





Sieve Opening 


is provided, the 48 mesh sand may 
increased slightly. Sands of this type wil 
have an effective size of about 0.50 an: 
a uniformity coefficient of less than 145 | 

The specifications with regard to size 
suggested by the author are given ia 
Table II. 

The selection of torpedo sand is yer 
important since 35 mesh sand is presen 
next to this fine gravel. If it is too coary 
it would seem to provide a ready Passage 
of the 35 mesh material down into th 
underdrains. On the other hand, it shoulj 
not be so fine as to be lifted during back. 
washing. The writer believes that torped 
sand should pass a No. 6, and about % 
per cent each should be retained on No, § 
and No. 10 mesh screens (14 and 20 mesh 
sand will not remain in place). 

In this instance, the maximum diameter 
of particle is 3.33; minimum, 1.65; and 
average, 2.5 mm. The average size of 3 
mesh sand is 0.50 mm. The average diam. 
eter of torpedo sand is 5 times the diameter 
of the 35 mesh. From a theoretical stand- 
point, the maximum ratio to prevent pass. 
age of fine sand is 6.4. It would seem 


Per Cent Retained on Sieve 









desirable therefore to limit the 48 met 
sand to that quantity which will remar 
in the top 6 in. of the filter. 


Conclusions 


1. The finest ‘size of sand that shoul 


be used in a rapid sand filter employing 
50 per cent expansion is that retained o 
a 48 mesh sieve. |; 

2. Thirty-five mesh sand (average sit 
0.50 mm.) is required for low turbidity 
of effluent and to prevent the passage @ 
activated carbon. 

3. In specifying filter sand, it is pret 
erable to use “per cent retained on” rather 
than “effective size’ or “uniformity @ 
efficient.” 

4. The 48 and 20 mesh sizes should & 
limited to not more than 10 per cent each 
with the latter omitted if possible. Tk 
predominant sizes should be 35 and 
mesh, and these should be present im @ 
proximately equal amounts. 

5. Torpedo sand or fine gravel shouli 
be carefully selected as to size. 
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LL water works operators are probably 
A familiar with one form or another of 
tion with iron salts. There is an 
10st water works opera- 
tors toward iron salt coagulation, this 
aversion being improperly founded and 
probably arising trom. difficulties encoun- 
tered in coagulation with ferrous sulphate. 
Although this paper 1s devoted to coagula- 
tion with ferric sulphate, a brief review 
of coagulation with other types of iron 
coagulants will clarify the inherent differ- 
ences between coagulating with ferrous salt 
and ferric salt. 


coaguia 
aversion among 1 


Ferrous Sulphate as a Coagulant 


The most common form of iron coagula- 
tion, that is the one most familiar to all 
of us, is coagulation with ferrous sulphate 
and lime. This form of coagulation has 
been called, by many authorities, the most 
economical means of water coagulation. 
| do not entirely agree with this state- 
ment, however, since many of the difficul- 
ties encountered with the actual coagula- 
tion drive up the total cost to the point 
that economy is hardly a consideration. 

Ferrous sulphate itself is water soluble 
and will remain in solution in any water 
near neutral pH over a long period of 
time. In order to have any coagulating 
value whatsoever, the ferrous sulphate must 
be converted to a ferric salt. This is nor- 
mally accomplished by raising the pH 
with lime and then adding the ferrous 
sulphate. In the presence of dissolved 
oxygen the reaction produces ferric-hy- 
droxide, the same coagulating material 
obtained with almost any ferric salt. A 
certain portion of the ferrous sulphate, 
however, must be converted to ferric-car- 
bonate which has absolutely no coagu- 
lating value. From this it can be readily 
seen that only a portion of the iron actually 
available in the ferrous sulphate is utilized 
in coagulation. Furthermore if excess lime 
is added, an unbalanced water may be made 
and the sand grains on the filters may be 
seen to grow. If an insufficient amount 
of lime is used, some of the ferrous sul- 
phate will remain in solution and will pass 
the filters still in solution. This will cause 
red water difficulties in the distribution 
system as well as causing inefficiency in 
the actual coagulation process. 

These difficulties alone are sufficient to 
tule against the use of ferrous sulphate and 
me in most water purification plants. 
Ferrous sulphate, however, has a tendency 
to cake and cannot be normally used in 
all types of dry feeders due to this tendency. 
If stored in large bulk hoppers, it is often 
known to cake in these hoppers and may 
even require the use of air Hammers to 
break it. The most common method of 
storing ferrous sulphate is of course in 
water proof bags and most plants do use 
the material in that form. 

Ferrous sulphate can also be used with 
chlorine. This treatment is normally known 


_* This paper, presented before the W. Va. 

Section of the Am. Water Works Assn., is 

a published by permission of the Asso- 
on. 
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as the chlorinated copperas treatment. The 
ferrous sulphate is first put into solution 
and then chlorine is added in a ratio of 
approximately one to seven. The chemical 
reaction produces a mixture of ferric- 
sulphate and ferric-chloride. This is a 
very excellent coagulant and certainly will 
do a fine job of coagulation. The objec- 
tions to this type of treatment, however, 
are that the ferrous sulphate is still diffi- 
cult to feed and furthermore the chlorina- 
tion of the copperas causes fuming and 
unless the process is properly protected, 
corrosion of the surrounding apparatus 
often occurs. Furthermore, this feeding 
apparatus is rather expensive and must be 
rather carefully controlled at all times. 


Ferric Chloride 


Ferric chloride is not normally em- 
ployed in water plants due to its physical 
characteristics. The anhydrous material is 
far too expensive to use. The liquid ma- 
terial, although a cheap coagulant if the 
plant is located near a source of manu- 
facture, requires rather expensive equip- 
ment for handling. All unloading equip- 
ment must be rubber-lined, and rubber- 
lined storage tanks must be provided, all 
feed lines must be rubber-lined and in the 
end a very expensive installation is required. 


Ferric Sulphate 


Ferric sulphate has been long recognized 
by the general water works trade as an 
efficient coagulant but its general use was 
not adopted due to a very high price of 
the chemical. Until a relatively few years 
ago, in fact during the last decade, ferric 
sulphate was considered too expensive for 
normal use in water treatment plants. At 
that time, however, two manufacturers 
started making this chemical as a_ by- 
product and the price now approaches that 
of filter alum. Therefore, with the rather 
high cost of securing this chemical elim- 
inated, its use began to pick up rapidly in 
water and sewage plants throughout the 
United States. 

Unfortunately, however, for the water 
works industry as a whole, the war has 
presented a very rapid expansion of its 
use. In the first place, ferric sulphate is 
used in the pickling of stainless steels and 
brass and is used in the catalysts for the 
manufacture of synthetic rubber, it is used 
in the manufacture of certain types of 
insulating boards, it is used in the manu- 
facture of foam fire extinguishers, as well 
as many other industrial uses. 

All of these industrial uses have claimed 
a large percentage of the total production 
of ferric sulphate during the war period. 
Furthermore, there are certain processes 
in the manufacture of ammunition powder 
that even the slightest trace of alum would 
disrupt. Therefore some coagulant other 
than alum had to be resorted to. In most 
instances, these plants are now using ferric 
sulphate. With the end of the war ferric 
sulphate has again become available for 
new water works contracts. Were it not 
for these facts there would undoubtedly 
have been a much broader use of ferric 
sulphate by now. 





Dissolving Ferric Sulphate 


Ferric sulphate is not difficult to use 
but its use is different from that of alum 
and certain considerations must be made. 
In the first place, ferric sulphate is by 
no means as soluble as alum. This re- 
quires the use of different types of dis- 
solving equipment. Ferric sulphate, pecu- 
liarly enough, is more soluble in a small 
rather than in a large volume of water 
due to the fact that a more acid solution 
is rendered and secondly because the heat 
of solution of ferric sulphate is not dissi- 
pated and a warmer water is obtained in 
the dissolving pot. Normally, it is con- 
sidered that the proper water salt ratio is 
three parts water to one part of ferric 
sulphate by weight. 

The ferric sulphate is first fed into a 
dissolving pot and water is added in the 
proper ratio. The material must then be 
violently agitated for a period of about 
thirty minutes before it goes into solution. 
This may sound rather complicated but it 
is a relatively simple process to put the 
material into solution. 


This dissolving pot is not large. For 
example, take a water plant treating twelve 
million gallons of water per day with a 
maximum dosage of three grains per gal- 
lon. For maximum feed conditions, a 
twenty minute retention period in the 
mixing pot and a two to one water ratio 
are normally sufficient. Under such condi- 
tions a twenty gallon crock would be a 
sufficiently large solution pot. A larger 
solution pot could of course be used with- 
out difficulty if it should be desired to do so. 


Metering is relative simple; a_rota- 
meter is probably the most common meter- 
ing device for this purpose and such a 
rotameter should read directly in pounds 
of water per hour, and should be so selected 
for size that the rotor rides about half 
way in the tube for normal operating con- 
ditions. The Omega Machine Co. has 


made an Archimedes wheel as a measuring - 


device for water on such feeders or a very 
simple home-made device can be utilized 
which is merely feeding the water into a 
constant level box, the overflow going to 
the dissolving pot outlet, and the water 
to the dissolving pot controlled by a pinch 
cock. 

The dissolved material from the solution 
pot is very strong. This should be further 
diluted before going to the raw water. In 
fact, a 2 per cent solution has been found 
to be most satisfactory for ferric sulphate 
or alum, or any other coagulant for that 
matter. Of course this 2 per cent solution 
strength need not be accurately maintained 
and need be only approximated. It seems 
that any stronger solution will have a 
tendency to react with only a small por- 
tion of the raw water thus failing to give 
a uniform coagulation of the entire mass 
of water. 


Solution Pot Equipment 


Agitation of the dissolving pot is best 
secured by a small type mixer, probably 
a \%-hp. portable mixer. This should be 
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of the “Lightning” type or similar, nor- 
mally costing from $75 to $85 each. Com- 
plete installation for the average small 
feeder will run approximately $100 per 
feeder to install the proper dissolving 
equipment. 

It is interesting to note here that most 
plants having tried ferric sulphate have 
resorted to this type of dissolving equip- 
ment even though they are still using alum. 
They have found that this type of dis- 
solving equipment accomplished several 
advantages even with alum. In the first 
place, they are able to maintain a true 
solution of alum and thus all the alum fed 
is utilized. In many studies it has been 
found that much of the alum going into 
the raw water was undissolved. A size- 
able portion of this material settled out 
into the sludge and never did properly 
react with the water. Still other material 
was carried beyond the mixing basin before 
becoming properly dissolved and thus car- 
ried free alum through the filters. This 
not only wastes alum but is not a condition 
to be desired in any plant. This change in 
method of dissolving alum is particularly 
noticeable during the cold weather. Many 
of the cold weather problems of plants 
using this solution pot dissolving technic 
have been eliminated. 

It is interesting to note that the new 
Fall Creek plant at Indianapolis, Indiana, 
built only a few years ago, employs a 
large stainless steel dissolving pot, agita- 
tors, rotameters for controlled alum solu- 
tions, plus controlled water temperature 
for feeding to the alum thus assuring a 
comp!ete solution of a known strength at 
all times. This plant has been most eco- 
nomical in its operations. 

The blades and shaft of the agitators 
must be of some acid resisting material. 
Probably the most common is 18-8 stain- 
less steel. This is strong and at the same 
time gives excellent wearing qualities. 
Wooden paddles and shafts or wooden 
shafts and porcelain impellers may be used 
equally well, but are not quite as long-lived 
as stainless steel 

The best material for the dissolving pot 
is probably lead, but other materials may 
be used. Stainless steel is very good but 
it is too expensive for the average plant. 
Rubber-lined steel tanks are excellent but 
if the temperature in the pot should rise 
above 140° F, the rubber lining is dam- 
aged and the pot may fail. For this reason 
it is not generally considered the best prac- 
tice to use a rubber-lined dissolving tank. 
Lead-lined dissolving pots are satisfactory 
but lead-lining is so thin that the abrasion 
from the insoluble particles of ferric sul- 
phate may cause it to wear through rather 
rapidly, thus allowing the material to 
attack the iron or steel of the pot shell and 
thus cause leaks. Crockery and Duriron 
are both very satisfactory for the dissolving 
pot but both have the same disadvantage 
in that they are brittle and are rather 
easily broken by impact. Wood dissolving 
pots are quite satisfactory but have the 
disadvantage of requiring an appreciable 
amount of maintenance to keep them coated 
with some acid-resisting paint. 

The lines from the dissolving pots to 
the point of application must also be given 
consideration. These lines may be of any 
acid resistant material. A rubber-line is 
preferred as it is easy to clean out and 
cheap to install. Rubber-lined steel lines 
are used in a number of plants and are 
very satisfactory. Lead pipe may be used 
very satisfactorily, particularly if it is pro- 
tected from damage from impact. 

Equipment for handling ferric sulphate 
up to the point of solution is exactly the 
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COAGULATION WITH FERRIC SALTS 


same as that for handling alum. The ma- 
terial is no more corrosive than alum in 
the dry state. Thus any standard dry 
feeder is satisfactory for the material. 
Ferric sulphate will store in bulk hoppers, 
bags, or other means the same as used for 
storing alum in any plant. It does not arch 
in the feeders and will store over long 
periods of time without lumping. 


Floc Formation 


Ferric sulphate is somewhat more active 
chemically than alum and the hydroxide is 
produced more rapidly than is the case 
with alum. This means that the mixing 
characteristics of the plant should receive 
additional attention if ferric sulphate is to 
be used. The coagulants should be added 
at the point of maximum agitation. The 
quick mix is very important if good coagu- 
lation is to be obtained. A hydraulic jump 
probably is the most rapid and complete 
pre-mix but there are a number of mechan- 
ical pre-mixers that give excellent results. 
The object of the pre-mixers is primarily 
to distribute all the chemicals throughout 
the main body of raw water before the 
chemical has sufficient time to react with 
the raw water. This means that a violent 
mix is to be preferred although any mix 
that works satisfactorily for alum should 
work satisfactorily for ferric sulphate. The 
coagulation or slow mix should normally 
be a little bit longer than that employed 
for alum. Alum starts to form its floc 
more slowly than ferric sulphate; then the 
floc forms very rapidly, and additional 
mixing beyond that point does little or no 
good. 

On the other hand, with ferric sulphate, 
the floc starts to form immediately from 
the introduction of the chemical into the 
water and floc development continues at 
a rather slow and uniform rate for approx- 
imately forty minutes before it starts to 
level off. This floc formation time will of 
course depend on water characteristics, 
temperature and other variables but forty 
minutes may be considered the general 
rule. Ferric sulphate of course works 
excellently in many plants employing much 
shorter mixing or coagulating periods but 
these plants probably are not operating at 
maximum efficiency and even greater sav- 
ings would be possible if longer mixing 
periods were possible. 


Characteristics of Ferric 
Sulphate Coagulation 


With this information on the method of 
feeding ferric sulphate it might be well to 
consider some of the characteristic reac- 
tions within the plant. Ferric sulphate is 
far less touchy to turbidity changes than 
is alum. That is, a change of turbidity 
that would require a change of dosage for 
alum coagulation, may require no change 
of dosage with ferric sulphate. For in- 
stance, one plant on Lake Michigan using 
ferric sulphate regularly, has machines set 
for a specific dose at all times. Variations 
in the turbidity of the lake water, although 
relatively small, are noticeable with alum 
coagulation but are not noticeable with 
ferric sulphate coagulation. Likewise a 
mid-west plant is subject to rather high 
flash turbidities which do not cause any 
particular trouble. True, the dosage should 
be increased for higher turbidities as a 
safety factor but as long as just a small 
excess dosage is being used, a considerable 
change in turbidity may occur and yet good 
coagulation can be maintained throughout 
this period. This fact is quite helpful in 
plants where highly trained operators are 
not available at all times. 


The percentage of iron in 
is higher than the percentag 
in fitter alum. Therefore 
is generally considered a str 
lant. This means that considerably mage 
dosages can normally be used. met 
plants, it is found that from thirty 
forty per cent less ferric sulphate a . 
used than alum. This is not true Pa 
water plants, however, and cannot ten 
as an absotute rule. Always bear in . 
that both coagulants have their place ’ 
the water works field and no absol “ 
positive rule regarding their comparatiy 
performance can be laid down. . 

Ferric sulphate is particularly adva 
tageous in water softening plants, If is : 
sensitive to changes in pH in the high iH 
range encountered in softening. The A 
careful pH control required in softenin, 
plants using alum coagulation is not an 
tial in ferric sulphate coagulation, ‘ 

Alum is probably a little more efficient 
than ferric sulphate in coagulation at o 
near a neutral pH, but above pH 78 » 


ferric uj 
e of alone 


ferric sulphate 





below pH 64 ferric sulphate will be found 
more efficient. 

If lime or other pH control measures are 
used in ferric sulphate coagulation jt i 
generally considered best to apply sy 
pH control ahead of the coagulant. There. 
fore in a straight coagulation plant em. 
ploying pH control for corrosion contro 
in the distribution system, the lime shoul 
be added to the water before the addition 
of the ferric sulphate. This is an adyap. 
tage as smaller dosages of lime are thy 
employed and less lime is carried on to the 
filters to clog them. Ferric sulphate js 
also very responsive to break-point chlor. 
nation. It is generally found that break. 
point chlorination very definitely improves 
the coagulating ability of ferric sulphat 
and so if this type of treatment is use 
it should be ahead of the coagulant, if a 
all possible. 


Color Removal, Taste and Odor Control 


If the problem is that of color reduction 
ferric sulphate may or may not be th 
answer. If using break-point chlorination 
for the color control, ferric sulphate wil 
undoubtedly be a distinct advantage. Ii 
however, coagulation takes place slightly 
below pH 7.0 and color control is by coag- 
ulation with alum, in most instances th 
alum will be found to be the cheapest 
coagulant to use. On the other hand ii 
it is necessary to reduce the pH below 43 
or 6.4 to remove the color by alum coagv- 
lation, ferric sulphate may again prov 
to be the most economical coagulant. 

For taste and odor control by coagul- 
tion, ferric sulphate is generally very & 
fective. Many tastes can be removed hy 
coagulation provided that they are no 
first fixed by a definite change in pH. Ths 
permits lime to be added slightly ahead « 
the coagulant and thus maintain the ra 
water pH throughout the coagulating 
process. If this can be done, many tastes 
can be removed by coagulation which other- 
wise would be fixed if alum without lim 
were used and the coagulating pH thw 
lowered. 

If iron is present in the raw water ® 
any substantial quantity, the iron will nor- 
mally react with the alum and _interiet 
with coagulation. This same iron, howeve, 
in conjunction with a ferric coagulant wW 
actually prove to be an aid to coagulatir 
and dosages can be reduced to a minimum 
This is an important fact to remember # 
areas where water plants are troub!ed wi 
iron in the raw water. 
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OMPparatiye ¢ YOU have sewers, drains and man- 
ly | holes for which you have no records or 
Y advan. ° MOS: +) available records are inaccurate, 
t isn tor oun some of the experiences re- 
“he prt here may be of practical interest. 
Softening [ The settlement of New Rochelle, New 
NOt essen. HP york, was started in 1688, and it has en- 
n. ioved a consistent and rapid growth since 
re efficien: B then. It was incorporated as a > 
tion at or B 1858 and became a city in 1899. The 
oH 78 o B jederal census gives the population as 
| be founi § <9408. The area of the city is 10% square 
miles. 
asures are The population area of the city has large- 
tion it is B jy expanded by individual real estate de- 
ply suck velopments to which were assigned definite 
it. There. names, such as Residence Park, Halcyon 
plant em. Park, Highland Fark, ete. In the early 
M Control B days, each real estate developer tried 
ne shoul B 4) be exclusive and laid out dead end 
> addition B sreets. The streets were laid out with the 
in advan. B definite intention of not connecting with 
are thus B the streets of any other development. With- 
On to the B in recent years this situation has been ccr- 
phate js rected by the creation of a city planning 
nt chlori- F joard which has set up a master city plan, 
at break. § ond every developer must have his plans 
Improves approved by the planning board before he 
sulphate can start work; also, all plans for sewers 
t 18 used B and drains must now be approved by the 
ant, tt a Department of Public Works and the con- 
struction inspected by that department. 
For many years, however, sewers and 
- drains were installed by the developer 
under no city supervision; no maps were 
eduction F <ybmitted to the city, and in some cases 
; be th B® | have found the developer had no map 
orination ® showing the course of the pipe. I have 
late wil B found instances where the developer has 
ge. li jaid pipes across lots, and when he sold 
slightly B the properties crossed by the pipe he re- 
by coag- B tained no easement covering the repair or 
nees th B maintenance of the pipe. 
cheapest é . : 
hand ii I have found one instance where in 1894, 
elow 63 @ by order of the Board of Health, the city 
1 coagu- laid a 15-inch drain meandering along the 
1 prow ® Course of a brook across lots, filled in the 
nt. bed of the brook over the pipe and never 
coagule secured any easements from the property 
very ei owners. A few years ago it became vitally 
oved ye Necessary to increase part of this drain to 
re tt 36 inches, and the city had to pay a sub- 
J. Ths ‘stantial amount for the easement, although 
head off the 15-inch pipe had been occupying the 
he rave S2Mme property for over forty years. 
zulating I have had occasion to investigate a sit- 
y tastts uation where there were constantly recur- 
1 othe ring floods. I found a 24-inch vitrified tile 
ut lim drain completely plugged. From a_ point 
H Gell whee = open brook entered this pipe, it 
Was approximately 1,000 feet td the first 
ater» manhole. The city had no plan of this 
ill nor: drain. I contacted the developer and found 
terier he had no plan, but I tcok him to the 
Weve location and he showed me, as well as he 
nt Wi could remember, the course of the drain, 
ulate’ which, it seemed, followed a reverse curve. 
nimut i The drain was laid with open joints, and 
aber 1 saciid 
d with 
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went through a swampy area in which 
there were a number of willow trees. 
This led me to believe that the stoppage 
was in all probability caused by the en- 
trance of willow roots into the drain. This 
spot was too far away to be reached satis- 
factorily with flexible sewer rods from 
either opening in the drain. We therefore 
decided to put in a manhole in the swamp 


WEBSTER AVE 


Location of point of intersection of catch 
basin lateral and main drain simplified by 
use of M-Scope at New Rochelle, N. Y. 


area. After four days of digging we finally 
located the drain at a depth of about 5 
feet and opened it. We found the pipe 
completely filled with roots and it took 
almost two weeks of work to clear the 
line. This experience made me feel that 
there ought to be some means of locating 
underground sewers and drains. 


I was familiar with the use of the 
M-Scope in locating underground water 
mains. So I asked the salesman to try it 
out on this drain with flexible sewer rods 
inserted in the drain. We got 238 feet of 
rods in the drain, placed the transmitter 
on the rod and also, by means of the wire 
and clip provided, connected it to the rod. 
With the receiving set we were able 
easily to follow the course of the curving 
drain for about 200 feet. At this distance 
the signal became rather faint, but one man 
with keen ears followed it for the full dis- 
tance of 238 feet. 


We then rigged up the transmitter and 
receiver on the carrying sticks and went 
over the line to see if by any chance we 
might find any hidden manholes. At one 
point, right over the line, we got a sharp 
signal and started to dig feverishly for the 
manhole, only to find that a steel barrel 
hoop was buried in the ground. However, 










LOCATING LOST SEWERS 
AND MANHOLES* 


this demonstration satisfied me that the 
instrument could be used satisfactorily, 
for the purpose of locating both tile drains 
or sewers and buried manhole covers. 


At another time, to relieve a flood con- 
dition, we wanted to install a new catch 
basin in the middle of a block and connect 
it to an existing drain at a manhole shown 
on the map at about the point we wanted. 
There was, however, no evidence of the 
manhole on the ground. With the M-Scope 
we located the manhole within a few 
minutes, just off the paved area, and under 
about 3 inches of sod. This time it was 
really the manhole. 


Another time the map showed a drain 
manhole on the east side of the street at 
a certain intersection. The M-Scope gave 
no signal on the east side of the street but 
gave a clear signal on the west side of the 
street and, sure enough, we found the man- 
hole about 8 inches deep under the mac- 
adam pavement. 

We had a sewer and a drain running 
through a private right-of-way. The map 
showed a manhole on each. The sewer and 
drain had been installed 14 years ago. For 
the past several years periodic efforts had 
been made to locate the manholes, but 
without success. This right-of-way had 
several angles in it. It passed through a 
fine estate and the property was so thickly 
landscaped with evergreens, paths, gardens, 
etc., it would have been almost impossible 
to have resurveyed the right-of-way with- 
out doing real damage to the property. 
With the M-Scope we located and un- 
covered both manholes within an hour. 
One manhole was covered with about a 
foot of dirt and the other with about 3 
inches. 

Another time we tried to follow the 
course of a drain, about 15 feet deep, which 
ran through territory covered with thick 
brush, so that it was impossible to follow 
the line directly from the manhole. The 
first open land was almost 200 feet away 
from the manhole and transmitter, but no 
signal whatever could be picked up there. 
We cut an opening in the brush about half 
way back, and were able to pick up the 
signal at that point. For deep drains it is 
necessary to limit the distance from the 
transmitter. 

Another failure we had was in trying to 
find a couple of catch basins that we 
thought were located near an abandoned 
railroad bridge, where the land is thick 
with brush. Foliowing along the gutter we 
picked up a signal on each side of the road 
and thought we had located the catch 
basins, but digging down we found nothing. 
I then found I could follow the signal 
across the road. There is a 24-inch drain 
at this point, installed by the old railroad 
company, and apparently 24-inch cast iron 
pipe was used to cross the road. This ex- 
perience illustrated the fact that in locating 
catch basins or manholes, when a signal is 
picked up, it must be tested from every 
direction to see that it is not emanating 
from a pipe line. 
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In a road improvement job we had a 
15-inch storm drain in the road and a catch 
basin on one side of the road with a lateral 
connecting to the drain at an unknown 
point. We wanted to install a new catch 
basin on the opposite side of the road, 
connect this basin to the drain at the same 
point as the lateral from the old catch basin 
and build a manhole at the junction of the 
three lines. The accompanying sketch illus- 
trates the condition we faced. We ran the 
flexible rods through the lateral from the 
old catch basin and, much to our surprise, 


EQUIPMENT AND TOOLS FOR 
SEWAGE WORKS’ 


WELL designed and well equipped 

sewage treatment plant should have a 
complete complement of tools and equip- 
ment necessary to its proper operation. 
Quite often it is impossible to foresee, in 
the design of a plant, just what tools and 
equipment will be needed, and yet some at- 
tempt should be made to provide as much 
of the equipment as possible. Likewise, in 
the operation of a treatment works condi- 
tions and situations change, thereby making 
it necessary to increase the inventory of 
equipment and tools. In either case a list 
of tools, equipment, and materials for the 
operation of a sewage disposal plant will 
be helpful as a guide either to the design- 
ing engineer or the operator. Such a list 
has been prepared and is presented here 
with. 

Irrespective of the items appearing on 
any general list, it is essential that the 
manufacturer or supplier of various ma- 
chines and equipment furnish the special 
tools and spare parts for their equipment 
and machines. 

Obviously, various types of plants re- 
quire different types of equipment. The 
number of operators available, their pre- 
vious trades and experience likewise mod- 
ify these lists. Some operators are adept 
in carpentry while others have a flair for 
working in metals. In either case it would 
be well to expand on the tools and equip- 
ment suggested in the following to meet 
the particular ability of the operators. 

At some plants only the smallest repairs 
are handled, while in others there are suf- 
ficient personnel to permit practically all 
of the maintenance repair work to be done 
at the plant. Accordingly the tools will 
have to be modified to meet these condi- 
tions. The proximity of repair services 
likewise influences the type of tools that 
must be availabe. 

*In the preparation of this list the writer 
is indebted to Marshall E. Ferguson, Field 
Technician of the Interstate Sanitation 
Commission, and to Joseph Doman, Sani- 
tary Engineer, Department of Public 
Works, Greenwich, Connecticut, and Leslie 
E. West, Chief Engineer of the Elizabeth 
Valley Joint Meeting, who have reviewed 
the list and very generously offered their 
comments. The list was also checked 
against an inventory of the equipment and 
tools at the sewage treatment plant of the 
Belgrave Sewer District of which Herbert 
©. Johnson is superintendent. 
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found that it followed a curved line. As 
a check for the point of intersection, we 
ran the rods up the 15-inch drain from the 
manhole at Webster Avenue and located 
it on the ground. At the indicated point 
of intersection we dug down and found 
ourselves at the exact point desired. If we 
had simply assumed that the original lateral 
had been laid on a straight line as it should 
have been, we would have dug for days 
before we would have found the right spot. 

We have also used the M-Scope to trace 
the meandering drain laid in 1894 and 


By SETH G. HESS 
Director-Chief Engr. 


INTERSTATE SANITATION COMMISSION 
NEW YORK, N. Y. 


The following list is indicative of the 
type of tools and equipment used in some 
hundred sewage treatment plants within the 
district of the Interstate Sanitation Com- 
mission (N.Y., N.J., Conn.) which extends 
about fifty miles across and includes New 
York Harbor and adjacent waters. 


Equipment 
Adding Machine 


Alemite or Zerk grease guns for plant 
equipment 

Barricades 

Blower—Air, portable—gasoline driven 


Rrooms—Street, ordinary, industrial type. 
Brushes— 

Flue 

Paint and Whitewash 

Scrubbing and long-handled 


Wire 
Blocks and Tackle for %-in. and %-in. 
rope 
Boots—Hip and knee 
Cans— 


5 gal. for gasoline, safety type. 
§ gal. for kerosene, safety type 
Rubbish 
Caulking Gun—for glass hovse windows 
Chain Hoist—one ton capacity 


Concrete Mixer—Portable, gasoline pow- 
ered 

Dippers 

Electric Drop Light explosion proof, 
with extension cord—200 ft. 

Electric Generator — portable, gasoline 
driven 


Electric Torch Light—1% or 3 volts 


First Aid Cabinet 
First Aid Emergency Chart (first aid di- 


rections) 
Fire Extinguishers 
Fire Pails 
Flags—Danger, for street use 
Flag Tripods 


Flashlights—Hand 


Flood Lights (to operate from portable 
renerator) 

Funnels—Assorted sizes 

Gaskets—Sheet rubber and Vellumoid 


Gasket Paper 
Gasoline Engine for operating 3/16-in. 
sewer rods mounted on a two-wheel trailer 
Gloves—Rubber and canvas, work 
Goggles—Safety 
Hydrometers—Battery and Alcohol 
Hose— 
2 or 2%-in. for flushing out sewers 
(with 4x 2 or 2\%-in. reducer) 
300 ft. Garden type 
Spare Hose for chlorinator 
20 ft. suction with strainer and 100 ft. 
discharge hose for use with power 
operated pump 
Nozzles—Shut-off type 
Ladder— 
Extension to 20 ft. 
Step 
Lanterns—Red, also white globes 
Laboratory equipment as required 


MANHOLES 






mentioned at the beginning of thi 
Here the instrument proved very of be 
and also located two manholes whi oe 
long been covered along its cong mi 

In conclusion, I will say that | 
found the M-Scope very effectiy, 
ing the position of shallow drains for + 
tances of about 200 feet, and Pr ds 
drains about half that distance, Jj An 
cellent for locating manholes as the: 7 
care is used in its operation, and ; "9 
understood that it will pick up any m Ay 
substance underground, be it ‘a 
barrel hoop or pipe line. ao 
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Mop and Handle 
Padlocks 
Paint Sprayer 
Pails—12 qt. heavy galvanized 
Pencil Sharpener 
Picks 
Pumps—2-in.-4-in. portable, Self-priming 
centrifugal, diaphragm or _pisto, 
gasoline, engine driven 
Rope—%, % and 1-in. and sash cord » 
clothes line 
Rubber Raincoats, hats and suits 
Safety Equipment 
Explosimeter 
Gas Mask (chlorine) 
Harness (safety belt) with 25 ft. \-ir 
rope spliced on 
Oxygen Breathing apparatus (Chemor 
Oxygen deficiency indicator 
Respirator (for paint spraying, dust 
etc.) 
Scum Skimmer 
Sludge Sampling Equipment 
Sludge Shredder 
Sprayer—hand, fly 
Squeegees—Floor and windows 
Torches—Bomb type 
Truck—Light. for carrying equipment 
Two-Wheel Hand Truck 
Typewriter 
Vacuum cleaner 
Waste Cans 
Wheel Barrow—Rubber tired 
Wringer Buckets 


Garden Implements 


Brush Hooks 

Garden Trowel 

Hedge Clippers 

Hoe 

Hose— 
Garden type, approximately 300 ft. 
Nozzles—Shut-off type 

Insect Sprayer 

Lawn Roller 

Mower— 
‘awn, hand or motor operated 













Edging 
Pruning Shears 
Rakes— 

Wood 

Steel 
Scythe 
Sickle 
Spade 
Sprinklers—Nozzle type 


Materials and Supplies 


Alcohol or Anti-freeze. 
Assortment of bolts, nuts, 
cap screws, stud bolts, etc., 
or cans. 
Bricks—Common. 
Calcium Chloride (for icy pavements). 
Caulking Compound and sewer 
compound. - 
Caulking Compounds, Durolite 
for glass house windows. 
Caulking Yarn. 


washers 


screws, cotter pins. rivets, lock washers 
stored in ja® 


join 





or equ 
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Cutt 
Disir 
Eme 



















‘If-priming 
rT  pistor 
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) ft. Yain 
(Chemo 
ing, dust 
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) ft 


Cement. = 
Cement sorted sizes and lengths. 
Skins. ji 

Garis Compound, broiler. 
Cleaning Powders-—assorted. 
Cups—Drinking. 
Cutter Wheels—spare. 
pisinfectants (CN and others). 

ery Cloth—assorted grades. 
pntings—Brass or iron—assorted sizes. 
Flashlight Batteries. 
Fuses—Assorted. 


Glass. 


5 ite. ; 
Cra For lubrication. 


Hose, Nipples and Clamps 
xtra. z 

nein and Boiler Cement. 
sene. 

faa and Lead Wool. 

Light Bulbs. 

Measures—Oil, 1 at. and 1 pt. 


for garden 


ops. ‘ 
Mops Assorted sizes. 


akum. : 
oi for lubrication. 

Oij—Rust removing, penetrating. 

Packing for pumps. 

Paint Remover. _ 

Painters Drop Cloths. ' 
Paints—Turpentine, linseed oil, thinners, 


Cc. 

“Sipe Joint Compound. 

Pipe Stock—depending on system. 
Plugs—Rubber Expansion. 
Polish—Brass. 

tty. " 

page_-Clean and sterilized. 
Sand—Stone or gravel. 

Sand Paper—Assorted Grades. 
Soap. 

Solder. 

Soldering Paste. 
Spare Handles for 
and axes. ; 
— Parts for all Machines and Ap- 
paratus. 

Sponges. 

Steel Wool. y 

Tape—Friction and electricians. 
Thermometers— Assorted. 

Toilet Paper. 

Towels. |. 

Valve Grinding Compound. 

Waste—W iping. 

Wicks—For torches and lanterns, — 
Wire—Annealed No. 10 and No. 16. 


Hammers, hatchets 


Tools 


Axes—spare axe handles. 
Awls. 
Bars—crow. 
Bars—wrecking. 
Bit brace and 
wood and metal. 
Blacksmith’s anvil, tools, forge and hand 
blower. 

Bolt stock and dies. 

Breast drill and assortment of drills. 
Calipers—inside and outside. 
Calipers—micrometer. 


assortment of bits for 


Col. Gotaas Decorated 
Again 


Col. Haro!d B. Gotaas, President of the 
Institute of Inter-American Affairs, has 
recently been honor- 
ed again receiving 
the Legion of Merit 





vashers 
vashers 
in jar 


nts). 
r joi 


r equ 








from the United 

States with a cita- 
tion for outstanding 
services in the oper- 
ation of the coopera- 
tive health and sani- 
tation and strategic 
materials develop- 
ment programs in 
the Latin American 
republics. In addi- 
tion to the Legion of 
Merit, and the dec- 
orations named, Col. Gotaas also recently 
received the “Cruz de Boyaca” from the 
government of Colombia. 





Col. H. B. Gotaas 





Caulking tools—water main 
sorted sizes and types). 

Chisels—assorted. 

Chisels—bull point. 

Chisels—cape. 

Chisels—cold. 

Chisels—diamond point. 

Chisels—round nose. 

Chisels—assorted—wood. 

Chisels—assorted—for air hammer. 

“C”" Clamps—assorted. 

Cotter Pin Puller. 

Countersink—assorted for wood or metal. 

Cutters—wire. 

Cutters—1-in. bolt. 

Dies—assorted for bolt and pipe thread- 
ing stocks. 

Drills—assortment. 

Drills—electric portable %-in. for twist 
drills No. 60 to %-in. with drill press stand 
mount. : 

Drills—electric portable %-in. for twist 
drills No. 0 to No. 60. 

Drills—hand. 

Drills—press, bench type. 

Drills—star drills of various sizes. 

Extractors—screw, various sizes. 

Files—assorted sizes. 

Files—fiat. 

Files—half round. 

Files—round. 

Files—taper (triangular) 

Files—wood rasp. 

Fire pot—including metal foot and 
wrought steel ladle—for use with B and 
S cast iron pipe. 

Flanging tools—for use with copper pipe. 

Flaring tools—for use with copper pipe. 

Fuse Puller. 


Gages—set of shim. 

Gages—test for pressure and vacuum. 

Glass Cutter. 

Grinder—electric or hand—bench type. 

Grinder—wheels, coarse, fine and wire 
brush. 

Hacksaw—adjustable frame with extra 
blades. 

Hammers—Ball pein—assorted sizes. 

Hammers—Blacksmith’'s type. 

Hammers—Caulking. 

Hammers—Claw. 

Hammers— Masons. 

Hammers—Rubber Mallet. 

Hammers—Sledge type—various sizes. 

Hatchet. 

Jacks—screw or hydraulic—various sizes. 

Joint Runner—asbestos, for use with lead 
joints. 

Lathe—metal, 12-in. 24-in. 
ters. 

Lathe tools and appurtenances. 

Lead Pot and Ladles. 

Levels—Line. 

Levels—Spirit—metal frame 18-in. 

Line—Mason. 

Manhole cover lifting hooks. 

Mattock. 

Nail Sets—various sizes. 

Oil Cans—several types and sizes as re- 
quired. 

Plane—Smooth, bench 7-in. 

Pliers—assorted sizes. 


type (as- 


swing, cen- 


Clean Waters 
A Motion Picture 


The General Electric Co. of Schenectady 
has completed a technicolor movie titled 
“Clean Waters,”. showing various equip- 
ment used in modern sewage treatment and 
its economic advantages to municipalities. 
This motion picture has been prepared for 
presentation to the lay public and is excel- 
lently done. One of its most interesting 
features is its diagrammatic explanation 
of primary and secondary sewage treat- 
ment processes. The picture also vividly 
shows what happens to clean waters when 
wastes are discharged into them. 

Persons interested in bringing the mat- 
ter of stream pollution abatement to vari- 
ous organizations and the public should 
contact their nearest representative of the 
General Electric Co., who will make avail- 
able a copy of the film. Without doubt, 
this picture, which has had excellent tech- 
nical editing both from the standpoint of 
photography and sanitary engineering, is 
an outstanding contribution to the program 
of clean streams. The picture has had the 
sponsorship of the U.S.P.H.S. 
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Pliers—Diagonal cutting. 
Pliers—Gas. 
Pliers—Combination slip joint. 
Pliers—Needlenose. 
Pliers—Wrench. 

Packing Hooks. 

Packing Tools 

Pipe Cutter. 

Pipe Cutter—wheels (spare). 

Pipe Taps. 

. Thread Taps (combination) \% to 

-in. 

Pipe Threading stock with assorted dies. 

Pipe Tripod. 

Plumb Bob. 

Puller—gear set. 

Punches—assorted sizes, center, drift. 

Putty Knives. 

Reamers—Hand, Taper, Pipe, Expansion. 

Rules—6-ft. folding. 

,  ~'hcie cross cut, compass and key- 
101e, 

Saw Set. 

Saw Vise. 

Screw Drivers—various sizes. 

Screw Pitch Gauge. 

Scribers. 

Shears—Tinsmiths, straight and curved 
blades—assorted sizes. 

Sewer Rods and attachments 3/16-in. 
and 5/16-in.—3-ft. lengths for house and 
main line connections. 

Scale Platform. 

Sharpening Stone. 





assorted. 


Shovels—Square Point, long and _ short 
handle. 
Shovels—Round Point, long and _ short 
handle. 


Snake—25-ft. spiral. 

Soldering Iron and appurtenances. 
Square—steel, large and small. 
Stamping Tools—steel, letters and nu- 





merals. 
Straight Edge—Steel. 
Tampers. 
Tape—50-ft. steel. 
Tar Pot. 


Torch—Blow, and gasoline. 

Trowels—floats, steel and cork assorted. 

Trowels—pointing. 

Valve Resetting Tool. 

Vises—bench and pipe, 
vise and stand. 

Voltage Tester. 

Wall Scrapers. 

Washer or gasket cutter for making own 
washers. 

Welding outfit with appurtenances, gog- 
gles and gloves. 

Wire stripper. 

Wrenches—adjustable—various 

Wrenches—Allen set screw. 

Wrenches—Box wrench set. 

Wrenches—Hydrant. 

Wrenches—Monkey. 

Wrenches—Open end—various sizes. 

Wrenches—Ratchet—socket set. 

Wrenches—Socket—set of various sizes. 

Wrenches—Spanner. 

Wrenches—Stillson—various sizes. 

Wrenches—Torque. 

Wrenches—Valve. 


portable chain 


sizes. 





Kepner Heads Colorado 
Engineers 


Dana Kepner has been elected Presi- 
dent for 1946 of the Colorado Society of 
Engineers. Mr. Kep- 
ner is well known in 
the waterand sew- 
age works field not 
only as a representa- 
tive of many manu- 
facturers of water 
and sewage worxs 
equipment, but also 
for his activities both 
in the water works 
and sewage works 
associations. In 1939 
Mr. Kepner was 
awarded the Fuller 
Award for the Rocky 
Mountain Section of AWWA and in 1945 
Kepner was elected Director of the Fed- 
eration of Sewage Works Associations, as 
a representative of the Rocky Mountain 
Sewage Works Assn. 





Dana Kepner 
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DIRECTORY OF 


STATE SANITARY ENGINEERS 


There have been many times 
when we have received inquiry as 
to who directs the sanitary engi- 
neering activities of the several 
states. At a time when designing 
and planning cf new water and sew- 


Alabama 
Thos. H. Milford, Chief Engr. & Dir. 
Bureau of Sanitation 
State Dept. of Pub. Health 
Montgomery, Alabama 


Alaska 
R. S. Green, P. A. San. Engr. (R) 
Public Health Engng. Div. 
Territorial Dept. of Health 
Juneau, Alaska 
Geo. W. Marx, Director 
Div. State San. Engng. 
State Board of Health 
Phoenix, Arizona 


Arkansas 
Leon MacDonald, Chief Engineer 
Bureau of Sanitation 
State Board of Health 
Little Rock, Arkansas 


California 
Cc. G. Gillespie, Director 
Bureau of San. Engng. 
State Dept. of Pub. Health 
Berkeley, California 
Colorado 
Vacancy (Director) 
Div. of San. Engng. 
State Board of Health 
Denver, Colorado 
Connecticut 
W. J. Seott, Director 
Bureau of San. Engng 
State Dept. of Health 
Hartford, Conn. 

Dist. of Columbia 
Wm. H. Cary, Director 
Div. of Sanitation 
District of Col. Health Dept. 
Washington, D. C. 
Delaware 
R. C. Beckett, State Sanitary Engineer 
State Board of Health 
Dover, Delaware 
Florida 
David B. Lee, Director 
Bureau of Engng 
State Board of Health 
Jacksonville, Florida 
Georgia 
L. M. Clarkson. Chief 
Div. of San. Engng. 
State Dept. of Pub. Health 
Atlanta, Georgia 
Hawaii 
B. J. MceMorrow, San. Engr 
Bureau of Sanitation 
Board of Health 
Honolulu, Hawaii 
Idaho 
H. C. Clare, Director 
Pub. Health Engng. 
State Dept. of Pub. Health 
Boise, Idaho 
Ilinois 
(*. W. Klassen, Chief 
Div. of San. Engng. 
State Dept. of Pub. Health 
Springfield, Illinois 
Indiana 
B. A. Poole, Director 
Bureau of San. Engng. 
State Board of Health 
Indianapolis, Indiana 
lowa 
A. H. Wieters, Director 
Division of Engng. 
State Dept. of Health 
Des Moines, Iowa 
Kansas 
Paul Haney, Act. Director 
Div. of Sanitation 
State Board of Health 
Lawrence, Kansas 
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age works is uppermost in our 
minds, it seems well to print here- 
with, for the benefit of our readers, 
the latest list as recorded in the 
offices of the U. S. Public Health 
Service. Included in the following 


STATE SANITARY ENGINEERS 


Kentucky 
F. C. Dugan, Director 
Bureau of San. Engng. 
State Dept. of Health 
Louisville, Kentucky 
Louisiana 
John H. O'Neill, Sanitary Engineer 
State Dept. of Health 
New Orleans, Louisiana 
Maine 
J. E. Hale, Act. Chief 
Div. of San. Engng. 
State Dept. of Health & Welfare 
Augusta, Maine 
Maryland 
George L. Hall, Chief Engr. 
State Dept. of Health 
Baltimore, Maryland 
Massachusetts 
Arthur D. Weston, Chief Engr. 
Div. of Sanitary Engng. 
State Dept. of Pub. Health 
Boston, Massachusetts 
Michigan 
John M. Hepler, Director 
Bureau of Engineering 
State Dept. of Health 
Lansing, Michigan 
Minnesota 
H. A. Whittaker, Director 
Division of Sanitation 
State Dept. of Health 
Minneapolis, Minnesota 
Mississippi 
H. A. Kroeze, Director 
Bureau of San. Engng. 
State Board of Health 
Jackson, Mississippi 
Missouri 
W. S. Johnson, Chief Pub. Health Engr. 
State Board of Health 
200 Monroe Street 
Jefferson City, Missouri 
Montana 
H. B. Foote, Director 
Div. of Water & Sewage 
State Dept. of Pub. Health 
Helena, Montana 
Nebraska 
T. A. Filipi, Public Health Engr. 
State Dept. of Health 
Lincoln, Nebraska 
Nevada 
W. W. White, State Sanitary Engineer 
State Board of Health 
Reno, Nevada 
New Hampshire 
Leonard W. Trager, Director 
Div. Sanitary Engng. 
State Board of Health 
Concord, New Hampshire 
New Jersey 
H. P. Croft, Chief Engr. 
Bureau of Engineering 
State Dept. of Health 
Trenton, New Jerse) 
New Mexico 
H. Booker, Director 
Div. of San. Engng. and Sanitation 
State Dept. of Pub. Health 
Santa Fe, New Mexico 
New York 
Cc. A. Holmquist, Director 
Division of Sanitation 
State Dept. of Health 
Albany, New York 
North Carolina 
J. M. Jarrett, Director 
Div. of San. Engineering 
State -Board of Health 
Raleigh, North Carolina 
North Dakota 
J. H. Svore, Director 
Div. of San. Engng. 
State Dept. of Health 
Bismarck, North Dakota 


list are the Philippine Islands 

territory of Hawaii, Territer, 
Alaska, and the District of Col , 
bia in addition to the heads tn 
Sanitary Engineering Divisions 
the various State Boards of Healt, 


Ohio 
F. H. Waring, Chief En 
Div. of San. Engineering 
State Dept. of Health 
Columbus, Ohio 


Oklahoma 
H. J. Darcey, State San. 
Bureau of San. Eneng 
State Dept. of Pub. Health 
Oklahoma City, Oklahoma 





Oregon 
C. M. Everts, Jr., State San. Engines Net 
Div. of San. Engng. ae 
State Board of Health 
Pennsylvania Sewe 
H. E. Moses, Chief Engr. oe 


Bureau of Engng. 
State Dept. of Health 
Harrisburg, Pennsylvania 
Philippine Islands 
Joaquin Lopez, San. Engr. 
Philippine Health Service 
Manila, Philippine Islands 





Rhode Island 3lst 
Walter J. Shea, Acting Chief moni 
Div. of San. Engng. I 
State Dept. of Health mem 
Providence, Rhode Island pione 
South Carolina nt 
Jas. H. Stevens, State San. Engr. —_ 
Div. of San. Engng. exhib 
State Board of Health . 
Columbia, South Carolina tainm 
South Dakota less I 
Quentin Graves, Director j 
Div. of San. Engng. tinues 
State Board of Health sewag 
Pierre, South Dakota world 
Tennessee 
R. P. Farrell, Director ‘ 
Div. of Sanitary Engng. Testi 
State Dept. of Pub. Health 
Nashville, Tennessee As 
; Texas testin 
V. M. Ehlers, Director 
Bureau of San. Engng. Jerse 
State Board of Health R. F; 
Austin, Texas re 
Utah phia | 
Howard M. Hurst, Act. Dir. _— & eratic 
Div. of Pub. Health Engng. & Sanitatie M 
State Board of Health wr 
Salt Lake City. Utah siona 
Vermont : 
Edward L. Tracy, Director Ing ¥ 
Div. of San. Engng. selaer 
State Board of Health 1907 
2 Colchester Avenue 
Burlington, Vermont work: 
Virginia | 
Richard Messer. Director Harr 
Sanitary weg f nama 
State Dept. of Healt . 
Richmond, Virginia Filter 
Washington ologi: 


Roy M. Harris, Chief 
Division of Pub. Health Engng. 
State Dept. of Health 
Seattle, Washington 
West Virginia 
John B. Harrington, Chief Engineet 
Div. of San. Engng. 

State Dept. of Health 

Charleston, West Virginia | 
Wisconsin . 
lL. F. Warrick, State Sanitary Engt. 
Bureau of San. Engng. 
State Board of Health 
Madison, Wisconsin 
Wyoming 
Wm. V. Leonard, State Sanitary Eng 
State Dept. of Pub. Health 
Cheyenne, Wyoming 


the ( 
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Engineer 


h Supt. 


New President New Secy.-Treas. 
L. J. Fontenelli M. 8. Kachorsky 
. Supt. 


sewage Treatment Seware Works 





gr. Rahway, N J Vauville, N. J. 
l 
_ EETING in Trenton, N. J., on 
er. M Mar. 20-22, the New Jersey 
rd Sewage Works Assn. held its 
j 3ist annual convention as a testi- 
“hief monial to John R. Downes, charter 
member of the association and a 
a pioneer in the field of sewage treat- 
~— ment. With a registration of 330, 21 
’ § exhibits, 12 papers, a smoker, enter- 
a tainment, and the “Famous Speech- 
less Dinner,” this 3lst meeting con- 
al tinued in the tradition of the “oldest 
sewage works association in the 
world.” 
x Testimonial to John R. Downes 


As Master of Ceremonies for the 
testimonial to Mr. Downes, the New 
| Jersey S. W. A. called on Francis 
, R. Friel, Cons. Engr. of Philadei- 
phia and Vice President of the Fed- 
Rr. aie “ation of Sewage Works Assns. 
: = Mr. Friel reviewed the profes- 
sional career of Mr. Downes, start- 
ss ing with his graduation from Rens- 
selaer Polytechnic Institute in 
1907 and his first job in the water 
works at Harrisburg, Pa. From 
a Harrisburg Downes went to Pa- 
nama in charge of the Mt. Hope 
Filter Plant and later became Physi- 
ologist in charge of sanitation in 
the Canal Zone. 
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N. J. SEW. WKS. ASSN. 3lst MEETING 
HONORS JOHN DOWNES 


330 Hear Papers on Dual Disposal, DDT, Operation, and Planning 


In 1914 Mr. Downes came to 
Plainfield, N. J., where he has been 
since, first in the local plant and 
then in the enlarged joint meeting 
plant. 

Among Mr. Downes’ professional 
accomplishments, Mr. Friel cited 
the following: 
1917—Introduced the use of filter 

alum in sludge drying on beds. 
1917—Instrumental in establish- 

ment of sewage research division 
at Rutgers. 





Honored 


John R. Downes Dr. W. Rudolfs 
Supt. Chief 
Water and Sewage 
Research 
New Brunswick, 


Sewage Works 
Plainfieid, N. J. 
(Kenneth Allen 
Award and To- N. Jd. 
kens of Apprecia- (Honorary Mem - 
tion) bership in Sewage 

Wks. Federation) 


1925—Introduced the floating cover 
for sludge digesters. 

1927—First operator to use sludge 
gas for power for blowers. 

1938—Introduced the spray dryer 
for sludge. 

A charter member of the N. J. 
Sew. Wks. Assn., John Downes was 
one of its organizers and served as 
its first president. From 1922 to 
1945 inclusive, Downes served as 
secretary of the association and 
helped it grow from a membership 
of 80 in 1922 to over 400 at the 
present time. 

In recognition of these outstand- 


On with the Show—the War Is Over! 
(“All High Class Stuff!) 














Vice-President Vice-President 


Edw. P. Decher 


John Struss 
Sec’y Supt. 
Elizabeth Jt. Sewage Works 
Meeting N. Wildwood, N. J. 
Newark, N. J. 
ing services both to the N. J. Asso- 
ciation and to the profession, John 
R. Downes was presented a scroll, 
a watch, a billfold, and the Ken- 
neth Allen Award of the Federation 
of Sewage Works Associations. 


Business Meeting 

During the annual business meet- 
ing the slate of officers presented 
by the nominating committee was 
unanimously elected. Officers for 
the ensuing year include: 
President 

Louis J. Fontinelli, Supt. 

Rahway Valley Treatment Works 

Rahway, N. J. 
First Vice President 

Leslie West, Chief Engr. 

Joint Meeting Sewage Works 

Elizabeth, N. J. 
Second Vice President 

John Struss, Supt. 

Sewage Works 

North Wildwood, N. J. 
Secretary-Treasurer* 

M. Kachorsky, Supt. 

Sewage Works 

Manville, N. J. 
Executive Committee 

Frank Van Orden, 

Anthony Macri. 


*Also Director, Fed. Sew. Wks. Asss. 
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154 N. J. 
Also during the business meeting 
of the association, Adm. J. K. Hos- 
kins, Asst. Surgeon General, U. S. 
Pub. Health Service, and President 
of the Federation of Sewage Works 
Associations, presented a certificate 
of Honorary Membership in the 
Federation to Dr. Willem Rudolfs, 
member of the N. J. Sew. Wks. 
Assn., nominated last year by that 
association for Honorary Federa- 
tion Membership. In the presenta- 
tion, Adm. Hoskins recited the 
basis of the nomination which re- 
viewed the work of Dr. Rudolfs, 
not only at the N. J. Agr. Expt. 
Station at Rutgers, but his work 
for the Federation, particularly as 
head of the Research Committee 
which annually reviews the litera- 
ture of sewage research and treat- 
ment. 


DDT as an Insecticide 


In the absence of Herman L. 
Fellton, Sanitarian of the U. S. Pub- 
lic Health Service, his part in the 
program was taken by Capt. Lang 
also of the USPHS. Capt. Lang, 
the first of three speakers on “The 
Use of DDT as an Insecticide,” re- 
viewed the histury of DDT which 
was first synthesized in Switzer- 
land in 1938 for its effect on clothes 
moths. Describing its chemical and 
physical properties, Capt. Lang 
said the outstanding property of 
the insecticide is its effect against 
a variety of insects when used in 
small amounts. 

DDT has a high stability and 
therefore a long life as an active 
agent, acting as both a stomach 
poison and as a contact poison af- 
fecting the central nervous system 
of the insect. DDT acts slower than 
some other insecticides but is much 
surer. It may be administered as a 
dust, solution, emulsion, or suspen- 
sion. As a dust DDT is diluted with 
talc, approx. 10 per cent DDT be- 
ing used. 


Capt. Lang explained the use of 
DDT as a space spray and as a resid- 
ual spray. In the former case the 
intent is to create a dispersion in 
an enclosed atmosphere so that in- 
sects in motion will come in con- 
tact with minute particles of the 
insecticide. In the case of the resid- 
ual spray it is the intent that the 
DDT shall adhere to walls and sur- 
faces where the insects may alight, 
there to come in contact with the 
chemical. 


Because of the somewhat slow 
action of DDT, other chemicals are 
mixed with it to increase the knock- 
down rate of the insecticide, when 
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used as a space spray. Thanite and 
several Lethanes are used for this 
purpose. 


In the case of house flies, a 5 per 
cent residual spray is effective for 
three months. DDT is also effective 
on the Psychoda fly, on mosquitoes, 
cock-roaches (the North American 
variety) and as a larvacide. Cer- 
tain precautions should be ob- 
served. DDT is absorbed through 
the skin from solutions but not as 
a powder, or as an emulsion; it is 
toxic to small animals to some ex- 
tent, but arsenical insecticides are 
far more poisonous than DDT. 


Leslie West, Chief Engr. Joint 
Meeting Sewage Treatment Plant, 
Elizabeth, N. J., reviewed the con- 
tributions of DDT to the war and 
its contributions to sewage treat- 
ment plant operation. Explaining 
how DDT works, Mr. West said that 
in sewage plants there are two 
objectives, (1) to reduce breeding 
and (2) to reduce adult fly popula- 
tions. For the Psychoda fly, paint 
or spray the DDT on the walls of 
the filter to kill the flies almost as 
fast as they emerge from the lar- 
vae stage. DDT can be used on the 
rock of trickling filters but the 
carrier is usually poisonous to the 
filter growth and unless the filter 
can be rested a short time after 
applying, the DDT will be washed 
off before it becomes fully effective 
on the larvae. 


Mr. West cautioned that common 
sense should be used in the use 
of DDT and that it should be re- 
membered that DDT will kill use- 
ful insects as well as the undesir- 
ables. To keep flies out of buildings 
paint a solution of DDT on the 
screens, using 1 qt. of the solution 
(7 oz. to a gallon of kerosene) to 
200 sq. feet of screen surface. It 
is interesting to note that the lethal 
effect of DDT varies with tempera- 
ture, flies being killed slower at 
higher temperatures but mosqui- 
toes being killed faster at the high- 
er temperatures. 


Dr. E. J. Hansen, Entomologist, 
N. J. Agr. Expt. Sta., pointed out 
that research was still needed on 
the effect of DDT on insects, and 
animals, plants, soils, and water. 
For example, it is known that 1% lb. 
of DDT per acre of pond surface 
will kill fish. DDT is good for con- 
trolling house fly larvae as well 
as house flies if the chemical is 
spread on breeding places, manure 
piles, etc. DDT should not be used 
to kill mosquito larvae because it 
will kill fish. 


3ist MEETING HONORS JOHN DOWNES 
















R. W. Simpson, San Engr 
bert Associates, Reading : 
speaking from the floor, warned 
tue fire hazard of space spree 
closed buildings, and told of . 
success of a fly contro] p 

in Denver where garbage cans 
city dumps were sprayed with D 
to reduce the fly population and 
prevent the spread of Poliomyelitis 
It can not be definitely state, 
whether or not the incidence of in. 
fantile paralysis was reduced but 
the beneficial effect on Teducing B Pres 
house fly density was very marked Woe 






Rutgers Resumes Short School ties | 





In the absence of Prof. Har ot 
Lendall, Head, Civil Engineering 
Rutgers Univ., Prof. Margen u. Spe 
nounced the resumption of th ter 
Short School for sewage work Gove! 
operators. This course was begy Taxal 
in 1927 and was jointly sponsor § 
by Rutgers, the State Dept. 9 
Health, and the N. J. Sew. Wal”... 
Assn. Since the beginning of th — 
war it has been impossible to holj oa 
the two week course. It is being rp. tot 
sumed this year on a somewhat dif. | * . 
ferent schedule. Beginning April? § °° : 
the course is offered on Tuesdays — 
and Fridays of each week until Ma an 
3, with classes being held from 9t By... 
12 and from 1 to 5 each day. Cer. bette: 


tificates of attendance will hk 
granted to those who attend aj— Mr. 


classes, and the course of instruc. § Paliti 

tion will include plant operation § su!tir 

and laboratory technic. tract 

financ 

Comprehensive Planning + 
7 

Advising his listeners to get § forge 

legal planning board for their re § to |if 

spective communities, T. Ledyari§ the p 


Blakeman, Chief, N. J. Bureau off that 
Planning, said that plans for com § abilit 
munity development should be w§ the j 
drawn that they would entail n ” 
difficulty in the construction of: 
properly sewered extension. mon 


80-¢a. 
popul 
vacar 






William D. Jones, Division 
gineer, Federal Works Agency, & 
plained the Bureau of Planning 
FWA and how it was attemptin 
to stimulate Public Works for the 
post war years by loaning mone 
for the preparation of public works 
plans. 


In borrowing the money the @ 
plicant agrees to repay it when cor 
struction is begun, and also to 
through the plans. One-half of 
loan for the preparation of 
plans is made at the time the ag 
ment is signed, and the other hall 
when the plans are complete 
At the present time, the state 0 
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Pres. of Count 


Woodbury, N. J. Schenectady, N. Y. 
Oor , 


ties submit applications (not all 
for water or sewage plants) and 
100 have been approved. 


Speaking extempo raneously, Wal- 

ter R. Darby, Director of Local 
| orerament, N. J. State Dept. of 

Taxation and Finance, said he had 
seen the unfortunate results of 
planning, particularly with respect 
to “Financing Sewage Works.” Mu- 
nicipalities planning sewers or sew- 
age treatment plants always run in- 
to the question of where the money 
is coming from. Mr. Darby sug- 
gests that the solution of this prob- 
lem will be aided by the employ- 
ment of a good bonding attorney, 
whose services will probably more 
than save his cost by obtaining a 
better rate on the bonds. 


Mr. Darby also said that munici- 
palities should obtain good con- 
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sulting engineers, and good con- 
tractors, and should remember that 
financing of a project has not been 
accomplished in its entirety until 
the bonds are paid off. While not 
forgetting that sewers are essential 
to life and health in a community, 
the planners should also remember 
that planning is needed as to the 
ability of the taxpayer to pay both 
the interest and the amortization. 


Local assessments are not so 
popular now and neither are joint- 
meetings. Sewer service charges or 
so-called sewer rental is gaining in 
popularity because it does not tax 
vacant land. 





In which Harry Croft, dissatisfied with the professional song leader, decided to take over. 
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W. Peterson H. V. Crawford John W. Hood C. J. Shepherd Geo. W. 
> il Genl. Electric Co. Sup’t Treatment San. Engr. 


Long Chlorine Line 
Proves Practical 

At Atlantic City, N. J., the sewage 
treatment plant is located on an 
island 1500 ft. offshore, and George 
W. Cameron, Supt., City Island Sew- 
age Treatment Plant, explained 


how some 45 tons of chlorine a 
month are delivered to the island 
plant. 











Federation “Brass” 


President Vice-President 
J. K. Hoskins F. 8S. Friei 
Chief Engineer Consulting Engr. 
U. 8S. P. H. 8. Albright & Friel 


Washington Philadelphia 

A footbridge connects the island 
with the shore and it was decided 
to use a pipe line to carry liquid 
chlorine from ton containers to the 
evaporators at the plant. Heavy 
pipe and pipe fittings, capable of 
withstanding 250 lb. pressure, was 
used in the line which had five ex- 
pansion bends as it was subject to 
direct sunlight and heat rays. 

When the line was installed five 





Show Prologue—Unprogrammed 


JOHN DOWNES 


Cameron 
Sup't Treatment 
Camp Killmer, N. J. Atlantic City, N. J. 


Walter R. Darby Chester W. Paulis 
N. J. Dep't Finance Mayor 

Trenton, N. J. New Brunswick, 
N. J. 


years ago, some leaks developed, 
but these were corrected and no 
trouble has occured since. In order 
to transport the liquid that distance 
it is necessary that the ton con- 
tainers be kept in a_ building 
warmed to 105 deg. F. At this tem- 
erature the pressure in the contain- 
ers is 154 lb. per sq. in., and is high 
enough to overcome friction losses 
through the pipe and still deliver 
the chlorine to the evaporators at 
proper pressure. 


In order to prevent loss of large 
amounts of chlorine gas should a 
severe break occur in the line due 
to storms, a check valve was placed 
in the line, and this valve is set 
to operate when ever the rate of 
chlorine flow reaches 3000 lb. per 
hour. 

Trouble from chlorine taffy was 
eliminated by placing a trap in the 
line from the heater to the chlori- 
nator. This trap is 6 ft. high and 
8 in. in diameter. 


Fundamentals of 
Biological Oxidation 


Tracing the relation and similar- 
ity of chemical coagulation and bio- 
logical clarification, John W. Hood, 
Supt., Sewage Treatment Plant, 
Ridgewood, N. J., showed that fun- 
damentally certain factors are com- 
mon to both processes and the same 
work must be performed by both 
to bring about the desired results. 


The paper by Mr. Hood enumer- 





With Sam Probasco of Burlington (held 


by lapel in second picture) they sang Cornell’s ““Cuyahoga’s Waters” and other songs—but, “All High Class Stuff.” Second from right, 
pudgy but nimble “Andy” Radel, New Brunswick operator, volunteering “The Dance of the Butterflies” (or sumpin) with the aid of hts 


Jacket. The others (“Madam Bustonobi”’ and the very clever girl banjoist) are hired performers. 
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‘Gene’ Swineheart, Supt. S. W. Kitson Madison-Chatham 
Pottstown, N. J. and Plant Staff Supt. 
> David I. Gallagher Howard C. Molitor 
“Steve” Whitney Worthington Ass’t Supt. 
Chicago Pwmnp Co. Pump & Machinery Co. Ed. Molitor 
Harrison, N. J Supt. 
Geo. H. Boone, Supt Hubert Cannon 
Norristown, N. J Operator 
ated the additive factors involved linity values may be used to advan- 


in the case of biological oxidation, 
indicating the environmental re- 
quirements required to be satisfied 
before optimum results can be ob- 
tained. 

It was shown that failure of 
chemical means to attain optimum 
results is due to adversely high pH- 
alkalinity values. According to Mr. 
Hood, frontal assault on this prob- 
lem is both costly and unproductive 
of desired results. On the other 
hand, successful and economical 
coagulation is obtainable by initial 
downward adjustment of these pH- 


alkalinity values using various 
means of pre-carbonation and/or 
dilut‘on by waters having lower 


pH-alkalinity values before the in- 
troduction of the coagulant. 

Biological processes are likewise 
adversely affected by high pH-al 
kalinity values which may, in ex- 
treme cases, cause failure because 
te biological population is affected. 
Mr. Hood cited the work of Ca- 
rothers (Water & Sewage Works, 
Jan. 1946) in which he, Carothers, 
reduced the pH of the sewage in the 
primary tank by allowing a partial 
digestion to take place at that point, 
thereby producing CO. which low- 
ered the pH of the sewage to a point 
where good nitrification in the aera- 
tion tanks was effected. 

Curves showing the changes in 
pH-alkalinity values in coagulation 


and biological clarification show 
the basic similarity of the two sys- 
tems. 


Mr. Hood believes that pH-alka- 
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tage in numerous ways by both de- 
signers and operators. Preliminary 
surveys of water supply and sewage 
values may give a key to proper 
design and operation in order to 
produce the best. clarification. 
Studies of these values may also 
offer a good check on plant perform 
ance both over-all and unit by unit. 

Mr. Hood concluded from his 
studies observations that all 


and 














New Vice-Pres. Arrangements 
Leslie West P. N. Daniels 
Chief Engr Sup’t 
Joint Meeting Sewage Works 


Elizabeth, N. J Trenton, N. J. 


biological oxidation processes are 
basically similar despite the phys- 
ical dissimilarity of the types of 
plant. The degree of treatment is a 
direct product of structural design. 
Difficulties of correlating the work 
accomplished in similar plants un- 
der comparable loading conditions 
may be ascribed to disregard of re- 
spective pH-alkalinity values. Like- 
wise, plants whose design has been 
predicated solely on a B.O.D. basis 
do not necessarily produce the an- 
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Leave) 
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ticipated results. Plants with |p, 
pH-alkalinity values show syccgs 
and vice versa. 

Not all factors enumerated } 
Mr. Hood are subject to contro! 
but in both chemical and biologics 
clarification plants adjustment ,; 
pH-alkalinity values, D. 0., foo 
and elemental ratios, substantial; 
improve plant performance, _ 

Existing biological  oxidatiy, 
plants may require adjustment » 
the physical plant as well as adjuy 
ment of chemical conditions, fy 
example a trickling filter that wi 
not de-collcid applied sewage mj 
require a change in stone. ; 

Mr. Hocd’s final conclusion wa 
that satisfactory performance , 
new plants will be assured if, i: 
addition to other factors involve 
due consideration is given to th 
vital and basic pH alkalinity valy 


High Rate Trickling Filters 


In the operation of high rt 
trickling filters at Camp Kilme 
Clyde J. Shepherd, Sanitary Eng: 
neer at the Camp, was proud tor 
late that not once since Oct. 1% 
when the plant went into operatio 
had the plant been bypassed eve 
though the storm flow reached } 
mgd. in the plant of 7 mgd. desin 

The plant was designed to remor 
75 per cent of the suspended soliti 
and 40 per cent of the B.O.D.i 
the primary treatment. The filten 
are 125 ft. in diameter and 3% fi 
deep and remove 3000 Ib. of B.0! 
per acre ft. per day. Chlorine 
added to the effluent and the adé 
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M. H. Smith Dr. Willem Rudolfs Fredricks “Jake” Van Atta Harold I. Robinson 
Ass’t San. Engr. Chief and Vice-Pres. (Philadelphia) 
and Water and Sewage Rsch. Drane Ralph B. Carter Co. and 
New Brunswick, N. J. like New York Thos. N. Robinson 


Fd. T. Roetman 
Sanitary Engr. 
Viscose Corp. 

Marcus Hook, Fa. 


and 


tion is controlled by an effluent par- 
shall flume. The long outfall sewer 
acts as a chlorine contact tank. 


Pooling troubles were soon evi- 
dent in the filters. About the same 
time it was observed that hydrogen 
sulfide was affecting paint on the 
nearby structures. An examination 
of the filter growth showed a heavy 
infestation of Beggiota alba. It was 
assumed that the hydrogen sulfide 
came from the supernatant liquor. 


Flooding of the filter with sewage 
containing 1 ppm. of residual chlo- 
rine failed to dislodge the growth. 
Next the filters were flooded and 
allowed to become septic with its 
concomitant digestion of some of 
the solids on the bed. Samples of 
the rock indicated that each bed 
contained 30,000 lb. of solids at- 
tached to the rocks. After the septi- 
cization was complete the beds were 
flushed and 60 per cent of the solids 
removed. Two weeks later heavy 
sloughing from the filters occurred. 


About the same time it was dis- 
covered that the primary tanks were 
leaking and that hydrogen sulfide 
water was entering the tanks and 
lines. When these were fixed there 
was no more trouble from the 
growth of sulfur bacteria. During 
the next year it was noted that the 
heavier the film on the rocks the 
better the results. It took about a 
year for the growth on the stone 
to build up from 2.5 g. to 3.9 g. per 
Kg. of stone. 


J. EK. Hoskins 
Chief San. 
U. 8. P. H. 8. 
Washington 


Council President 
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Engr. 


Clean Water—A Motion Picture 


Not scheduled on the program 
but shown through the courtesy of 
the General Electric Co. of Schenec- 
tady and H. Vance Crawford, Appli- 
cation Engineer, was the motion 
picture, “Clean Waters.” This was 
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“Ed.” Shissler H. Van de Vleit 
Sup’t Sup’t 
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Haddon Hg'ts, N. J. Maywood, N. J. 


(Past Presidents Both) 


the premier showing of the film 
which was produced by G. E. for 
the edification of the lay public on 
the problems of stream pollution. 
Sponsored by the U. S. Pub. Health 
Service, and with adequate techni- 
cal direction, this technicolor pic- 
ture which may be obtained for 
showing from General Electric 
should do much to explain to the 
non-technical audience the dangers 
of pollution as well as show by very 
adequate animated diagrams, just 
how a sewage treatment plant 
works. 
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Dual Disposal of Garbage 
And Sewage 


Speaking on the subject of “The 
Effect of Food Wastes on Sewers 
and Sewage Treatment Processes,” 
Morris M. Cohn, Editor Sewage 
Works Engineering, and Sanitary 
Engineer of Schnectary, N. Y., re- 
viewed the history of dual disposal 
since he first proposed it in 1934, 
and stated that the process was a 
natural one inasmuch as_ food 
wastes and sewage wastes are alike. 
Both wastes are organic in nature 
and will decompose in the same 
manner under the influence of the 
same type of bacteria. Food wastes, 
however, need to be ground before 
they can be added to a sewer, but 
when ground are of more uniform 
physical character than are sewage 
wastes. 


In the seven years before the war, 
some 50,000 household garbage 
grinding units of one manufacturer 
were installed in some 300 commu- 
nities. It is to be expected that 
other manufacturers will soon be 
marketing similar devices and 
greater rates of installation are 
bound to come. This means that 
more and more food wastes will be 
reaching the municipal sewage 
treatment works. 


As to the amount of garbage 
wastes, Mr. Cohn suggested that 
national studies indicate approxi- 
mately 0.5 lb. of garbage per person 
per day. With 70 to 80 per cent 
moisture, the actual amount of 
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solids introduced into the sewage 
from garbage grinders will be ap- 
proximately 0.15 lb. per cap. per 
day or about the same amount as 
is now received as suspended sew- 
age solids. 


For the purpose of rule-of-thumb 
simplification, Mr. Cohn stated the 
basic assumption of food waste 
grinding as follows: (1) the total 
sewage flow will be increased by 
one per cent (one gal. per cap. per 
day); (2) the suspended solids in 
the mixed flow will be practically 
doubled; and (3) the B. O. D., may 
be increased from 15 to 30 per cent. 


Universal adoption of this meth- 
od of garbage disposal will be a 
long time in the future according to 
Mr. Cohn’s predictions. In the mean- 
time, the installation of a relatively 
few units (from 100 to 1000 in a 
city of 100,000 population, for ex- 
ample) will have little effect on 
the sewage treatment plant or its 
processes. With 100 garbage grin- 
ders the suspended solids would be 
increased 0.5 per cent, B. O. D. 0.08 
per cent, and flow by 500 gallons, or 
0.005 per cent. One thousand gar- 
bage grinders in the same size city 
would increase the suspended solids 
by 5.0 per cent, the B. O. D. by 0.8 
per cent and the flow by 0.05 per 
cent or 5000 gal. 


According to the speaker, ground 
food waste will not shoal in sewers, 
in any sewers system in which sew- 
age waste will not itself shoal. 


Mr. Cohn sees combined disposal 
as less costly than the collection of 
garbage by the manual method, and 
quoted G. J. Schroepfer to the ef- 
fect that the increased cost of sew- 
age treatment by chemical precipi- 
tation at Minneapolis-St. Paul to 
handle food wastes would amount 
to only 55 cents per family per 
year. Mr. Cohn believes that sewer 
service charges can be extended to 
garbage grinders at a nominal rate 
per year, and predicts that garbage 
grinding in the home will increase 
but that sewage works superinten- 
dents need not worry about in- 
creased load if their plants are not 
now overloaded. 


Dr. Willem Rudolfs, Chief, Dept. 
of Sanitation, Rutgers Univ., con- 
sidered the various effects of 
ground garbage on sewage treat- 
ment. Confirming Mr. Cohn’s state- 
ment that the suspended solids from 
garbage are approximately the same 
as that from sewage, Dr. Rudolfs 
noted that the percentage volatile 
matter in garbage is somewhat 
higher than that in sewage solids, 


Water & SEWAGE Works, April, 1946 


N. J. SEW. 





WKS. ASSN. 3lst MEETING HONORS JOHN DOWNES 





but the nitrogen content of gar- 
bage is but 4 to 1/10 that of sew- 
age solids. 


Dr. Rudolfs presented his com- 
ments under several categories. 


Effect on Sewers: Information is 
needed regarding the behavior of 
ground garbage in flat sewers, but 
it may be expected that where 
settling now occurs in sewers, more 
solids will settle when garbage is 
added. 


Effect on Grit Chambers: Ground 
garbage settles more rapidly than 
sewage solids, and the organic con- 
tent of grit may be expected to in- 
crease. 


Effect on Settling: Garbage in the 
sewage will increase the rate of 
settling. If universal garbage grind- 
ing is installed, it may be expected 
that the sludge volume will increase 
by 100 per cent, and compaction of 
the sludge will be improved. The ad- 
dition of ground garbage will not 
greatly affect suspended solids re- 
moval; the percentage removal may 
be higher, but since the total sus- 
pended solids in the sewage will be 
greater, the suspended solids in the 
effluent will likewise be higher. In- 
asmuch as some of the ground 
garbage is fibrous there will be a 
tendency for greater scum forma- 
tion. 


Effect on Chemical Treatment: The 
addition of ground garbage to sew- 
age will cause only a comparatively 
small increase in chemical treat- 
ment costs, but increases in the 
amount of sludge must be handled. 


Effect on Filters: Addition of 
ground garbage to sewage will usu- 
ally result in higher quantities of 
suspended solids in the effluent 
from the primary process and 
therefore more solids will be loaded 
onto the filters. The B. O. D. in the 
effluent from the settling tanks will 
also be higher which means a great- 
er B. O. D. loading on the filters. 


Effect on Activated Sludge: As in 
the case of filters the loading on 
the activated sludge process will 
be greater, hence either more air 
will be required for the process or 
the B.O.D. of the effluent will be 
higher. 


Effect on Digestion: Garbage is 
slower to digest, probably because 
of the lower nitrogen content, but 
will produce a comparable amount 
of gas to sewage sludge. A 100 per 
cent increase in sludge caused by 
universal garbage grinding will re- 
quire double the capacity of diges- 
tion tanks. 











Effect on Sludge Disposal: 
ties of sludge will incveall ba 
tionately to the amount of gar i 
in the sewage. If chemicals are used 
for dewatering, the amount of 
chemicals required will likewise be 
proportional to the amount of gar. 
bage present in the sludge. Filter 
cake will have about the same Mois. 
ture content as digested Sewage 
sludge. 


Effect on Chlorine Demand: The 
chlorine demand of garbage-sew. 
age mixtures will be higher by the 
amount of garbage juices caused by 
the grinding. With 100 per cent 
garbage added to the sewage, the 
chlorine demand will increase by 
20 to 50 per cent. 


Dr. Rudolfs concluded that addi. 
tion of ground garbage may neces. 
sitate more flushing and cleaning of 
sewers, and an increase in sewage 
treatment facilities. New plants 
should consider garbage grinding. 
While ordinances may delay the 
installation of garbage grinders, 
pressure through advertising and 
good economic’ conditions _ will 
create a demand that will ignore 
such ordinances, and gradual ip- 
stallation of home garbage grinders 
will increase. 


The Izaak Walton League 


Following the discussion of gar- 
bage disposal, Wm. A. Bode, of Co- 
lumbia University, spoke on the atti- 
tude of the Izaak Walton League. 
The League is willing to leave tech- 
nical matters of sewage treatment 
like garbage disposal to sanitary 
engineers, but they believe that 
steps to relieve stream pollution 
should eliminate all sewage, gar- 
bage, and industrial wastes from 
streams. The League disagrees with 
the theory that the stream is the 
third and final stage of sewage 
treatment or that some streams 
should be used as sewers while 
others should be maintained free 
from pollution. Admitting that the 
cost of complete treatment might 
be high, Mr. Bode said that the 
League favored the Mundt Bill in 
Congress because it had police pow- 
ers to enforce pollution abatement. 


Financing Sewage Projects 


Henry W. Peterson, Pres. of the 
Council, Woodbury, N. J., told how 
Woodbury issued bonds, and con 
structed sewage facilities to elimi- 
nate sewage pollution from the 
Delaware River. This project is 
financed on a sewer rental basis; 
each single dwelling paying a mini- 
mum charge of $6.00 per year, plus 
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4 of the amount of billed water. 
Other rates were developed for 
buildings, apartments, hotels, thea- 
ters, and so forth. This city is to 
be congratulated for doing its share 
in cleaning up the Delaware River 
without waiting for its larger sis- 
ters, Philadelphia, Camden, and 
Gloucester to abate their pollution. 
Mr. Peterson said that in his opin- 
ion, there is no “cost” attached to 
the monies paid for abating the 
evils of pollution; the cost is an in- 
vestment, the best investment any 
community can make. 

In reporting on the results of in- 


dustrial waste charges at New 
Brunswick, Mayor 
Chester W. Paulus 


said that not only had 
the industrial charges 
been accepted and 
paid 100 per cent but 
increases in plant size 
were to be jointly fin- 
anced by the city and 
industry. 

The charges for in- 
dustrial waste in New 
Brunswick are: For 


The twenty-one exhibitors at the 
meeting included the following: 

American City Magazine 

Ralph B. Carter Co. 


Chain Belt Co. 
Chicago Pump Co. 





ams 
thile 
free 

the 
ight 
the 
] in 
Ow- 
ent. 


the 
10W 
‘on- 
mi- 
the 

is 
is; 
ni- 
lus 





DeLaval Steam Turbine Co 





California Adopts Resolution 
Against Disposal of Raw 
Sewage 


On March 11 this year the State 
Board of Health of the state of 
California adopted a resolution that 
henceforth the Board will prohibit 
the issuance of permits for the dis- 
posal of raw sewage not only into 
San Francisco Bay, but into all 
waters of the state, and henceforth 
no permit shall be issued by the 
State Board of Public Health for 
the disposal of raw or untreated 
sewage or industrial waste such 
that the waste may be taken up by 
the waters of the state. 


SEW. 


In Chair No. 1, 
the shine stand, John Albertson, of N. W. Bowe Engrs. 
3, Sam Probasco, Burlington's City Engr. 





WKS. ASSN. 





Flow—$22 per mil. gal.; for Sus- 
pended Solids—$5 per ton; for 
Chlorine Demand—$5 per 100 Ib. In 
1944 industrial waste charges were 
$31,000; in 1945, $45,000. Operating 
expenses for the New Brunswick 
plant were $96,000 in 1944; and 
$103,000 in 1945. It is obvious that 
the industrial waste load is a very 
appreciable part of the total load 
on the sewage plant. 

Industrial charges vary from 
$5000 per quarter for one industry 
to $10 to $15 per quarter for the 
smallest. It is interesting to note 
that these charges have made indus- 
try more conscious of the opera- 











A Little Barber-Shopping for Victims 


Exhibitors 
Dorr Co., Inc. 
Engineering News-Record. 
Fairbanks-Morse & Co. 
Flexible Sewer Rod Equip. Co 
Homelite Corp. 
Johns-Manville Co. 
Limestone Products Corp. 
Link-Belt Co. 
Mine Safety Appliances Co. 


3lst MEETING HONORS JOHN 


Tom Robinson, of Pittsburgh Pipe Cleaner Co. On 
In Chair No. 





DOWNES 


Presentations 


Speakers (1) Federation Vice Pres. Friel presenting John R. Downes 

From Left: (1) Mayor Paulus (New Brunswick). (2) Council with Kenneth Allen Award. (2) Federation President Hoskins 

Pres. Peterson (Woodbury). (3) Major M. L. Smith, U.S.P.H.S. presenting Dr. Rudolfs Honorary Membership Certificate. (3) 

surplus officer, N. Y. C.. (4) The Chairman, Ed. Decher, Secy. John Downes receives handsone watch as testimonial from N,. J. 
Rlizabeth Joint Meeting, Newark. Sewage Wks. Assn. 


tion. In one instance, an industry 
found that it could reduce its 
volume charge by 40 per cent by 
reuse of clear and uncontaminated 
water. 


Procurement of Surplus Property 


Maj. M. L. Smith, Sanitarian, 
USPHS, Office of Procurement of 
Surplus Property, explained the 
purpose of offering surplus prop- 
erty at 40 per cent discount from 
list prices to municipalities and 
other local government political 
subdivisions in order to give the 
property to the public who had 
originally furnished the money to 
buy the army materia!. 

Equipment for sew- 
age treatment plants 
is not plentiful at pres- 
ent but more and more 
will become available. 
In order to know what 
is available, persons 
interested should 
write to the nearest 
regional office of the 
U. S. Public Health 
Office. 


Public Works Magazine 
Pittsburgh Pipe Cleaner Co. 
Rockwell Mfg. Co. 
(Pittsburgh-Equitable Meter & 

strom Valve Divisions) 
Sewage Works Engineering 
Wailes-Dove-Hermiston Corp. 
Wallace & Tiernan Co., Inc. 
Water & Sewage Works 


Nord- 








Furthermore, the Board resolved 
that all permits heretofore issued 
for the disposal of raw, untreated 
sewage into any water of the state 
shall be revoked on January 1, 1947. 
It is also noted that the return of 
raw or digested sludge, or of com- 
minuted sewage solids into the ef- 
fluent outfall, or similar operations 
shall not be considered to consti- 
tute sewage treatment. 

At the same time that the above 
resolution was adopted, the Board 
of Health adopted another resolu- 
tion to the effect that the Depart- 
ment shall review and investigate 
the status of sewage disposal sys- 
tems covered by permits with a view 








to recommending suspension or 
modification of permits whose con- 
tinuance is not warranted by the 
facts. In short, it appears that the 
state of California is determined to 
clean up its streams by causing the 
cessation of the disposal of raw 
sewage without sewage treatment 
into the waters of the state, and by 
improving or extending sewage 
treatment plants already obsolete or 
inadequate. 

The 1946 legislature enacted a 
ninety-million dollar bill whose pur- 
pose was to place the correction of 
faulty sewage disposal in a priority 
position to receive state funds from 
municipal projects. 
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NGINEERS and operators often 
EK want to know certain things 

about pipe, and they want to 
know quickly; perhaps the cubic feet 
of liquid or gas flowing through the 
pipe per minute, the gallons per min- 
ute, the pounds of water per minute, 
the velocity of flow, or the exact in- 
ternal diameter of the pipe regard- 
less of its standard. 


All of these quantities are more or 
less dependent upon each other, the 
important question usually being the 
true size of the pipe. Since pipe 
sizes vary as they do, standard pipe 
not being exact in internal diameter 
and extra heavy pipe being different 
also, it is frequently necessary to 
search through tables and make more 
or less lengthy calculations before 
arriving at the result. And then, 
after a result is arrived at, one is not 
always certain that the answer is 
correct. 


Note Three Lines in Column A 


Here is a chart that takes care of 
most of these matters in a decidedly 
simple way. The best way to explain 
the method of application of the 
chart is to give a problem. First, it 
will be observed that there are three 
sets of figures given in connection 
with the extreme left hand column, 
which is designated as column A. 
The first column of figures at the 
left marked “1 standard” gives the 
actual internal diameter of standard 
pipe. This column shows, for exam- 
ple, that the internal diameter of a 
l-in. standard pipe is somewhat 
greater than 1 in. because the col- 
umn of figures marked “2 Exact” 
gives the exact diameter. Thus, if 
we have a pipe the internal diameter 
of which is exactly 2 in., as used in 
the problem which is cited below, we 
use this column of figures. The next 
column of figures, marked “3 Extra 
Heavy,” gives the actual internal 
diameter of a 1-in. extra heavy pipe 
as less than 1 in. 


Solving a Problem 


Now let us apply the chart to a 
problem, as follows: How much water 
is passing through a pipe having an 
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A USEFUL “ALL PURPOSE” PIPE CHART 


By 


W. F. SCHAPHORST, M.E. 
NEWARK, N. J. 


internal diameter of exactly 2 in., 
the velocity of the water being 2 ft. 
per sec.? 


Locate the 2 in column A over the 
word “exact” and from its point of 
intersection run a_ straight line 
through the 2 ft. per sec. in column 
C as shown by the slanted dotted 
line. This straight line intersects 
column B. From the point of inter- 
section in column B run a straight 
line over to the identical point in 
column G, also as shown by the dot- 
ted line. The intersection of this 
perfectly horizontal] line from col- 
umn B to column G gives answers 
simultaneously in the three columns 
D, E, and G. It shows that according 
to column D, 2.6 cu. ft. per min. as 
flowing through the pipe. Column E 
shows that the volume of flow 
amounts to 19.5 gal. per min. And 
column F tells us that if it is water, 
the weight of that water is about 
165 lb. per min. 


It is evident now, on studying the 
chart, that if the pipe were a 2-in. 
standard pipe instead of being ex- 
actly 2 in., the horizontal line from 
column B to column G would be 
slightly lower and the three quanti- 
ties in column D, E, and F would be 
slightly greater. On the other hand, 
it is evident that if a 2-in. extra 
heavy pipe were used instead of a 
2-in. exact, the horizontal line from 
column B to G would be raised slight- 
ly above its shown position and the 
three quantities in columns D, E, 
and F would therefore be slightly 
less. 


W orking the Scales Backwards 


Inversely, if any quantity in col- 
umns D, E, and F is known and it is 
desired to determine the velocity per 
second of flow through the pipe, this 
same chart can be used with equal 
ease. First run the horizontal line 
through the known point in D, E, or 
F, and then through the located point 
in column B run a straight line from 
the known pipe diameter and the in- 
tersection with column C immediate- 
ly gives the velocity of the liquid in 
feet per second. 












a 










Or if you wish to select a pipe size, 
knowing any one of the quantities in 
D, E, or F, and having decided Upon 
the velocity of flow, it is perfectly 
evident what to do. 








Use as a Conversion Chart 






At the same time it will be ob. 
served that this chart can be op. 
veniently employed as a conversion 
chart. For example, how many gal. 
lons in 2.6 cu. ft.? The dotted hori. 
zontal line already drawn shows that 
the answer is about 19.5 gal., which 
is also equivalent to about 165 |b, of 
water. At the same time this char 
gives a visual demonstration of the 
relationship between pipe sizes— 
standard, exact, and extra heavy. By 
using this chart one can quickly 
“read off” the internal diameter of 
a standard or extra heavy pipe. 
















The range of this chart is great 
enough to take care of almost any 
problem one may encounter. The 
standard pipe sizes range from \ 
in. to 15 in., and the velocities from 
0.3 to 30 ft. per second. 


In the event that the liquid is 
other than water, multiply the weight 
of water by the density or specific 
gravity of the liquid and you then 
have the weight of the desired liquid. 
Thus, for example, if it is an oil hay- 
ing a specific gravity of 0.9 we would 
have in the above problem 165 X 0.8 
= 148.8 pounds of oil. 


















Formulas 


And finally, should one prefer to 
use formulas rather than this chart 
either for solving the problem di- 
rectly or for checking the results 
taken from the chart, here are the 
formulas on which the chart is based: 


Q = 2.45 d? V 
where Q = gallons per minute; 
d — internal diameter of pipe, 
inches; 
V = velocity of liquid, feet per 
second. 
Cu. ft. per min. = 0.327 d? V 
Lb. water per min. = 20.4 d? V 
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| he Editors Comments 








The following was written for this page awhile 
back, but for one or another reason its publication 
has been prevented until now, when it becomes 
especially timely. 

Last month the New Jersey Sewage Works Asso- 
ciation’s 3lst annual meeting in Trenton was 
dubbed the John R. Downes Testimonial Meeting 
as a special tribute to the man who played so large 
a part in the organization and early struggles of 
America’s first sewage works association, and in 
making the organization click as its first president, 
and, thereafter, for the number of years that he 
served the association as its Secretary and Editor. 

At the Testimonial Meeting, reported elsewhere 
in this same issue, Downes was eulogized and pre- 
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sented with gifts of appreciation from the Aggpo. 
ciation and the Kenneth Allen Award of the Sey. 
age Works Federation. Following on the heels of 
the recounting of John Downes’ several achieve. 
ments in the technical realm, it seemed only fair tp 
bring to light, and to the attention of his associates 
and admirers, one of his little known talents—thg 
of a humorist with a touch of the clairvoyant, 
To this end what proved to be our “ace-in-the. 
hole” editorial was brought forth and offered for 
the amusement of the audience and the surprise of 
many who little suspected that John R. ever pos. 
sessed the combined talents of the clairvoyant and 
the humorist which are revealed in his— 
“Oh—Whatz-a-Use!” 








“Oh—W hatz-a-Use!”’ 


The other day we picked up the Sunday paper and in 
perusing the ads found one of the big department 
stores to be featuring “‘Flush-a-way” diapers for babies. 
We imagine that these cellulose didies for the nation’s 
young hopefuls are not new, but we haven’t seen them 
featured before in newspaper ads. Seeing this ad 
brought to mind what we considered a real gem in the 
nature of “one operator’s lament” which was penned 
by one of America’s pioneer veteran sewage works’ 
operators several years back when the use of sanitary 
napkins made of cellulose had firs’: become widely ad- 
vertised to the general public and popularized amongst 
the fair sex. 

The operator who penned his lament at that time 
when just one more problem had been thrust upon 
sewage plant operators, having fly breeding trickling 
filters and sludge digesters that operated upside down 
(seemingly by preference), was John R. Downes, Supt. 
of the Joint Sewage Treatment Works of Plainfield, 
Dunellen and Bound Brook, N. J. Although the author 
did not favor us with a copy of his masterpiece, a 
mutual friend did. We thoroughly enjoyed its reading 
and filed it away for future reference. Then, imme- 
diately our eye fell upon the ad on “Flush-a-way” 
didies for the baby, we recalled Downes’ lament of an 
operator. Having located it—its paper now a bit yel- 
lowed with age—and having read it again, we are con- 
vinced that it deserves permanent recording on this 
page. Therefore, we now give it to you. 


OH—W HATZ-A-USE! 
—Or, WHY PLANT OPERATORS GO MAD 


by “J. R. D.” 


We just thought that we had this man’s game 
licked; what with screens and California ragpickers 
and such to take out the towels and underclothes and 
everything. And with steam-heated apartments for the 
bugs to digest the sludge in, and solariums to dry it in, 
and our old friend Chlorine to knock the film off the 
filter stones so as the pesky filter flies’ larvae would 
have nothing to dig their toes into and hold on, and 
would be washed away like our sins; when along comes 


a bozo with an advertising campaign, and an idea, ty 
save the beautiful, and delicate, and hypersensitive 
and supermodest damsel from the necessity of saying 
what she means; and all she has to do is to say “kot” 
to the drug clerk and dash off with a mysterioy; 
wrapped bundle under her arm like a bloomin’ boot. 
legger’s client. 

And then she doesn’t have to hide it, or bury it 
or burn it, or throw it over somebody else’s fence, but 
just throw it in the toilet and pull the chain and that’s 
all there is to it unless the man of the house has to 
pay the plumber ten bucks to hook it out again.... 

ONLY, the toilet connects with a pipe and the 
pipe with a plant, and at the plant the operator goes 
kookoo because in every 10,000 persons there are 
enough of these delicate dames to send down 1,00 
“kotos” per day. And they escape the screens and the 
ragpickers, because by that time they are finely divit- 
ed cellulose, and cause the pH to drop, and give the 
steam-heated bugs indigestion, and get into the filters 
and form a toe-hold for the larvae, which no chlorine 
can wash out. .. And, the psychoda live happy ever 
after.... 

AND, FURTHER, it won’t be long until the family 
clothes line may no longer herald the new-born babe to 
the town, because they will use “koto” didies and then 
throw them also down the sewer (the didies, not the 
babies), and with a birth rate of ten per 1,000 even, 
you get another 1,000 “kotos” of cellulose per day 
from your 10,000 population. Figure it out for your 
self, I hope that we can find a tin-eating bacteria 
before people get to discarding their old cars for the 
newer air-flivvers which are descending upon Uw, 
’cause sure as preachin’, old cars are going to be 
thrown down the sewer also some day.—J. R. D. 

We would say that “J. R. D.” proved himself to be 
more than a humorist “lamenteer,” for his closing 
paragraph, penned several years back, brands him 
also as something of a crystal-ball gazer. 
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PROVED BY TEN 
YEARS SERVICE 


Comminutors eliminate 
screenings handling and 
disposal, the worst nuisance 
in sewage treatment, by 
automatically screening and 
cutting sewage solids under 
water. No raking of screens 
and hauling, burial, inciner- 
ation, or feeding screenings 
to a grinding mechanism. 
Eliminate health menace 
from handling screenings. 


Comminutors are easily 
adapted to existing plants. 
Over 1,200 installed. Ask for 
Bulletin 185. 





2349 WOLFRAM STREET 










































Comminutor installed in a basin forming part of the raw sewage channel. Sewage solids 
are sheared by cutters on the revolving drum. The small particles pass through the drum 
slots with the sewage liquor, out the open bottom and back into the downstream channel 
discharging into the primary tank, where they settle and are pumped to the digester. 





CHICAGO PUMP COMPANY — 


SEWAGE EQUIPMENT DIVISION 
CHICAGO 18, ILLINOIS 






Swing Diffusers, Stationary Diffusers, 
Mechanical Aerators, Combination 
Aerator-Clarifiers, Comminutors. 


Flush-Kleen, Scru-Peller, Plunger, 
Horizontal and Vertical Non-Clogs, 
Water Seal Pumping Units, Samplers. 
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DO YOU WANT TO REDUCE FEEDING COSTS ? 

















































Vustall 
OMEGA 


Lloss-tn-weight “Type 
GRAVIMETRIC FEEDERS 


Eliminate waste—streamline your feeding cost figures. 
Omega “Loss-in-Weight” Type Feeder, with an accuracy 





of better than 1%, is the most accurate type of chemical 


dry feeder made. It weighs, feeds and records! Auto- 
matic alarm devices safeguard proper operation. 


The Omega “Loss-in-Weight” 


successfully handles any dry 
material, including Ferrisul 
and similar hygroscopic ma- 
terials: available in sizes for 
feeding ™% lb. to 5,000 Ibs. 
per hour. Feeding action is 
steady, accurate and continu- 
ous, yet instantly responsive 

. without lag or over-run 

. to adjustments made 
manually or by automatic 


proportional control dey ices, 





Write for descriptive bulletin 


and complete information. 





Other OMEGA Products 


Volumetric Feeders Mechanical Agitators 
Solution Feeders Lime Slaking Equipment 
Laboratory Stirrers Bucket Elevators 











OMEGA MACHINE CO. 


Division of Builders Iron Foundry 
10 Codding St. Providence 1, R. I. 
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MEETINGS SCHEDULED: 













May 6-10—Srt. Louis, Mo. (Exhibits & Techni 
ings in Auditorium). (Accommodations in 1 He 
American Water Works Conference. (Annual y 
ing). Executive Secretary, Harry E. Jordan, 509 Fifth 
Ave., New York 18, N. Y. 














May 16—BRIDGEPORT, CONN. 
New England Water Works Association. (Monthly Meet 
ing). Sec’y, W. C. Conroy, 609 Statler Bldg. Boston, 
Mass. ’ 
May 16-17—BaLTIMORE, Mp. (Hotel Lord Baltimore) 
Maryland-Delaware Water & Sewage Ass’n. Sec’y, Miss 
E. V. Gipe, 2411 N. Charles St., Baltimore, Md. ; 
May 17—GREENWICH, CONN. (Pickwick Arms) 
New England Sewage Works Association. Sec’y-Treas 
Walter E. Merrill, State Dept. of Health, 511A Stat. 
House, Boston, Mass. 
May 23-24—CorVALIS, ORE. (Gearhart Hotel) 
Pacific Northwest Section A.W.W.A. Sec’y, Fred Merry. 
field, Oregon State College, Corvalis, Ore. 


May 24-25—Utica, N. Y. (Hotel Hamilton) 

New York State Sewage Works Association. Act’g Sec'y 
-] ." Eustance, State Dept. of Health, Middletown 

June 9-11—MONTEREY, CALIF. 

California Sewage Association. Sec’y-Treas., Harold . 
Jeffrey, 112 City Hall, Sacramento 14, Calif. 

June 12—-LEWISTON, ME. 

Maine Water Utilities Association. Earle A. Tarr, Supt. 
Water Dist. Winthrop, Me. 

June 13-14—LAFAYETTE, IND. (Purdue University) 
Central States Sewage Works Assn. Sec’y-Treas., J. 6, 
Mackin, Route 4, Madison, Wis. 

June 19—MANCHESTER, VT. (Equinox House) 

New England Water Works Association. (Annual Out- 
ing). Sec’y, W. C. Conroy, 609 Statler Bldg., Boston, 
Mass. 

June 20-21—Akron, O. (Mayflower Hotel) 

Ohio Conference on Sewage Treatment. Sec’y-Treas., 
L. B. Barnes, 441 So. Prospect St., Bowling Green, Ohio. 


June 28—LITTLE FALLS, N. J. 
New Jersey Section A.W.W.A. (Summer Meeting) Sec’y, 
C. B. Tygert, Box 178, Newark, N. J. 


Aug. 14—WOooDLAND, ME. 
Maine Water Utilities Association. Sec’y, Earle A. Tarr, 
Supt. Water District, Winthrop, Me. 


Aug. 26-28—-STATE COLLEGE, PENNA. 
Pennsylvania Water Works Operators, Association. Sec’y- 
Treas., I. M. Glace, 1001 North Front St., Harrisburg, 








Pa. 

Aug. 28-30—STATE COLLEGE, PENNA. (Nittany Lion Inn) 
Pennsylvania Sewage Works Asso. Sec’y-Treas., Bernard 
S. Bush, Penna. Dept. of Health, Kirby Health Center, 
Wilkes-Barre, Pa. 

Sept. 9-11—SAVANNAH, GA. (DeSoto Hotel) 
Southeastern Section A.W.W.A. Sec’y B. P. Rice, Healey 
Bldg., Atlanta 3, Ga. 


Sept. 17-20—PoLAND SprRING, ME. (Poland Spring House) 


New England Water Works Assn. (Annual Meeting). | 


Sec’y, W. C. Conroy, 609 Statler Bldg., Boston, Mass. 
(On Sept. 16, a pre-convention get-together will be held 
in the evening.) 

Sept. 18-20—TRrAVERSE City, Micu. (Park Place Hotel) | 
Michigan Section A.W.W.A. and Conference on Water 
Purification. (Joint Conference). Sec’y-Treas., R. J. Faust, 
Michigan Dept. of Health, Lansing, Mich. 








Oct. 7-9—ToroNTO, CANADA (Royal York Hotel) 
Federation of Sewage Works Assns. Exec.-Sec’y, 
W. H. Wisely, 625 Illinois Bldg., Champaign, III. 











Oct. 9-11—CotumBus O. (Hotels Fort Hayes & Chittenden) 
Ohio Section A.W.W.A. Sec’y-Treas., F. P. Fischer, 81! 
Perry Payne Bldg., Cleveland, O. 

Oct. 14-17—GALVESTON, TEXAS 


Southwest Section A.W.W.A. Sec’y-Treas., Leslie A. Jack | 
son, Robinson Memorial Auditorium, Little Rock, Ark. 
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PIPE LINI 





YOUR PIPE LINES ARE THE 
LIFE LINES OF YOUR CITY— 


PROTECT THEM 


The vast financial loss, resulting from the rapid capacity reduction of unlined pipe 
systems, is a matter of major importance to the water works industry. The cleaning 
and cement lining of pipe lines is not only economically sound, but is usually a self 
liquidating investment that forestalls the capital investment in new pipe lines for 
many years in the future. The original carrying capacity of 
pipe lines is restored and in many instances exceeded by 


scientific cleaning and mechanicak cement lining. PIPE LINING 


The complete operation of rehabilitating old, clogged or tuberculated pipe lines 
30 inches in diameter and larger is as follows: First, a Pitometer or flow capacity sur- 
vey of the existing line is run to determine the Williams and Hazen Coefficient or “C” tS 
Value. Second, the line is then thoroughly cleaned with modern hydraulically operated ie 
pipe cleaning equipment. Third, bad joints, connections and leaks are repaired. Fourth, 
all interior pipe connections and manhole openings are covered with shields and the 
interior pipe surface otherwise finally prepared for lining. Fifth, the cement mortar 
lining is mechanically applied. Sixth, after proper curing, the line is put into opera- 
tion and another Pitometer survey run to determine the resulting “C’” Value or pr too ae 





increased carrying capacity. 


Write for our 
Meet us at St. Louis, AWWA Convention, Booth 85 NEW PIPE LINING 


Sulletin 


THE ?P, MELOMD CORPORATION 


420 LEXINGTON AVENUE, NEW YORK I7, N. Y. 


Boston — New York — Chicago — Washington — £MexicoCity -— Bogota, S.A. 
PIPE LINING ENGINEERS 


AQUEDUCT ENGINEERING LIMITED Designers and Builders of Prestressed 
679 Belmont Street, Montreal Concrete Structures, Prestressed Con- 


Toronto, Ont. Halifax, N. S. crete Storage Tanks and Pressure Pipe 


In Canada 
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Manual. de JUST RELEASED 
INGENIERIA for the 


SANITARIA | | ATIN: AMERICAN 
MARKET 


First Annual Edition 


The 1946 edition of this new Reference and Data Catalog, 
specializing in water and sewage field is now available 4p 
Latin American engineers, public officials and equipment 
and supply distributors. 


CULTIVATE THIS EXPORT MARKET 











Water supply systems are being increased and improved, 
Particular attention is being given to areas along strategic 
highways; around airports and shipping centers. Manufac. 
turers of supplies and equipment to serve water and sewage 
fields will find this export market worth cultivating. 











SPECIALIZED COVERAGE 


Use this publication to place your advertising message in the hands 
of these important men without paying for waste circulation. 


WATER WORKS SUPERINTENDENTS SANITARY ENGINEERS 
CONSULTING ENGINEERS CHEMISTS 

MANAGERS OF UTILITY COMPANIES PUBLIC OFFICIALS 

EQUIPMENT DISTRIBUTORS CIVIL ENGINEERS and CONTRACTORS 


Manual de INGENIERIA SANITARIA is designed greatest potential markets in the world today. | 
to serve as a practical Reference and Data book The Manual is comparable to the English edition} 
for the men in Latin America charged with the of the Reference and Data issue of Water é 
problems of water supply and sanitation. It is Sewage works. It is a handbook of informative 
printed in Spanish and offers access to one of data and a buyers’ guide. 


3,000 Guaranteed Circulation 
Write for details. 


illette PUBLISHING COMPANY 
330 SOUTH WELLS ST. @ CHICAGO 6, ILL. 


NEWYORK e@ CLEVELAND e LOS ANGELES e SAN FRANCISCO 
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36” reinforced concrete pipe sewer 
pressure line installed in Venice, 
Los Angeles County, California. 
Designed for operation under 80’ 


c= pipe supplied by our mem- 
bers anywhere in the United States 
comply with standard specifications of 
the American Society for Testing Ma- 
terials and the American Association 
of State Highway Officials. 


This association or any of its mem- 
bers will gladly furnish technical infor- 
mation on any phase of concrete pipe 
line construction. (List of members on 
request. ) 


AMERICAN CONCRETE 
PIPE ASSOCIATION 


228 North La Salle Street « Chicago 1, Illinois 
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Need I remind you again that this 
is the Reference and Data issue of 
Water & Sewage Works and that to 
have a complete Reference and Data 
File you will also need the June issue 
of 1945 and the June issue of 1944. 
You might hang on to the June is- 
sues of 1943, ’42, and ’41 as well be- 
cause there are a few reference ar- 
ticles in those issues that have not 
been repeated since. You’ll find them 
indexed in this issue, however. 


SELF PRIMING 


I can’t believe he’s gone: Less 
than three months ago I introduced 
A. S. “Art” Bedell to the N.Y.S.S. 
W.A. annual meeting lunch and said 
“Without Art no president of this 
organization could ever conduct a 
meeting.” Those men who had pre- 
ceded me in the chair knew how 
truly I spoke. Those men yet to pre- 
side over that organization may see 
a new secretary at their side, for 
Art Bedell is gone, but they and the 
new secretary will still realize that 
what I said will be true for a long 
time to come. For although Art 
Bedell has passed on, his spirit will 
continue to guide the destinies of the 
New York State Sewage Works 
Assn. 


No man can die without leaving 
his imprint on an organization, if in 
his life he gave his all to foster the 
growth and development of that or- 
ganization. Such a man was “Art” 
Bedell. 


It’s hard to impersonally eulogize 
a man who was your friend. The 
words well up but all one says is “I 
can’t believe he’s gone.” 















PUMPS 
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CENTRIFUGAL 


solution. 


than 20%. 





CARTER co-axial 


Thought some of you, who hay 
been wondering how this column is 
coming with its campaign for the 
adoption of the metric system, would 
like to know that the Standards 
Council of the American Standards 
Association has actually appointed a 
committee to study the use of metric 
units in standards. 


* * * 


Wendell LaDue, philosophizing 
on public relations at the New Jersey 
Sect. meeting, said, “All of us want 
a little recognition.” How right he 
is, even this columnist beamed when 
Bill Denise’s boys from Rochester 
said, “We always turn to the back of 
your magazine to see what you have 
to say.” Yes, sir, I beamed, but at 
the same time I wondered if those 
same fellows ever read any of the 
other “stuff” I write for the back of 
the book. Up to now I haven’t had 
the nerve to change the somewhat 
formal style of the announcements 
and manufacturers’ news, but | 
sometimes let myself’ go on the Lit- 
erature and Catalog Reviews. Would 
it be indecent of me to suggest that 





If efficiency, low maintenance costs, and the 
ability to prime and reprime are what you de- 
mand in a pumping unit, the recently developed 


design is a guaranteed 


Nowhere else will you find a pump with such 
outstanding ability. Actual tests proved this 
type to out-pump competitive models by more 
This tremendous water moving ca- 
pacity, plus the ability to prime and reprime in 
as little as fifteen seconds, together with the 
elimination of trick weights or flapper valves, 
gives you 100% water insurance with practi- 
cally no attention. 


@ Write for Bulletin No. 4310. 


RALPH B. CARTER CO. 


HACKENSACK, 
New York Office: 33 Park Pl, N. Y. 7, N. Y. 


NEW JERSEY 
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@ @ © Simplicity of basic design is a characteristic of 
American meters in both displacement metering of sewage 
gas and orifice measurement of gases and liquids. 

In orifice metering, whether by indicating, recording or 
integrating instruments, you will find fewer moving parts to 
wear and get out of adjustment, and every provision for easier 
inspection. These meters are serving in not only the sewage 
field and the most modern process industries plants in the 
country, but in the remote parts of the world where ruggedness 
and ease of maintenance are of even weightier consequence. 

In the field of displacement metering of sewage gas, the 
American Ironcase Meter with its rugged one-piece body 
eliminating gaskets and internal leaks, its full-bellows dia- 
phragm and other features, is giving long years of uninter- 
rupted service. 

For consistent trouble-free metering, look to AmEnican 
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; Descriptive catalogs are available on request. 
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you look them over? You'll find 
them in a somewhat lighter vein, but 
written to inform you in a friendly 
and informal manner—I hope, I 
hope, I hope! 


* * 7 


My Apologies—And How! Boy! 
Do I owe Bob Mowry an apology. 
Not only do I spell his name wrong 
when I announce that he won the 
Here and There Golf Cup last year 
but then I fail to produce the cup. 
You’re going to get it, Bob, even if 


“Smoke” Clement does say that you 
four fellows tied for the score.—By 
the way, all of you golfers, don’t for- 
get the Here and There Golf Contest 
for 1946. See this column in the De- 
cember 1945 issue for the rules of 
the contest and then send me your 
score. 


* * * 


When this magazine decided to 
change its name starting with the 
January issue of this year, it was to 
be expected that there would be some 





SAME 
USE... 


But 





What a Difference 
In Size and Weight 



















comment. Sure enough, we fg 
this in Tide Magazine of Feb. 22 4, 
wit: 








“Misunderstood — Water Works 
& Sewerage, a Gillette Publication 
emanating from Chicago, changed 
its name last month to Water ¢ Sew. 
age Works. It seems the experts 
have wakened to some unfortunat, 
connotations of sewerage. Too Many 
of the uninitiated mistake the word 
for its scatological cognate—sewa 
or the material itself—rather tha, 
the esoteric ways in which experts 
have to dispose of it.” 













With all of this talk about sanits. 
tion in Latin America, one shouldn; § 
forget Ed Cleary’s story about som 
natives down that way who have 
squatted so long behind the mesquite § 
bush that they couldn’t functioy 
when they sat in a privy. Seems 
they’ll need some basic education, 























Grinnell Competition 
Grinnell Competition 

Run from Run from 

Weight bell to bell Weight bell to bell 
4” 96 Ibs. 11 in. 128 Ibs. 22 in. 
6” 147 Ibs. 13” in. 200 Ibs. 24 in. 
8” 222 Ibs. 16 in. 294 Ibs. 26 in. 
10” 325 Ibs. 19 in. 395 Ibs. 28 in. 
12” 417 Ibs. 21% in. 512 lbs. 30 in. 








Choose 


The compact design of Grinnell 
Socket Fittings does make a lot of 
difference in actual use—and you'll 
like that difference! They are easier to 
handle, fit neatly into close quarters, 
and speed installations. Friction loss is 
not increased. 


Atlanta 2, Ga. 


Houston 1, Tex. 


GRH 
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Socket Fittings 


Write for catalog: “Water Works Specialties.” 


GRINNELL COMPANY, INC. 
Executive Offices, Providence 1, R. I. 


Branch Warehouses 
Los Angeles 13, Cal. 


Charlotte 1, N. C. Minneapolis 15, Minn. St. Louis 10, Mo. 
Chicago 9, III. New York 17, N. Y. St. Paul, Minn. 
Cleveland 14, O. Oakland 7, Cal. San Francisco 7, Cal. 


Philadelphia 34, Pa. 





WHENEVER PIPING IS INVOLVED 


Grinnell 


Socket and spigot dimensions and 
wall thickness are the same as AWWA 
standard Class D pipe. Approved by 
Underwriters’ Laboratories. 

Bends are provided with lugs to 
take socket clamps. Special coating of 
coal tar pitch varnish. 


Providence 1, R. I. 


Seattle 1, Wash. 


LL 


















On more than 
one occasion | 
have been taken 
to task for the 
“lousy” pictures 
I take at con 
ventions. Now, 
therefore, here- 
after, when | 
get a particu 
larly good shot, 
it will be print- 
ed here in the 
column. For example, here’s a por- 
trait of a man with a healthy ta 
from a month’s vacation in Florida 
this spring. How’s this one J.V.A.? 











A couple of years ago, I was taken 
severely to task for editorializing in 
this column (griping, my critic 
called it) and after consulting my 
college chum, Homer Wisely, I de 
cided to keep this column full of just 
good clean fun, or as they say i 
New Jersey, “All High Class Stuff.” 


Perhaps some of my readers will 
wonder, then, why last month I 
brought up the matter of clubroom 
entertainment at conventions. Well,! 
do want to say just one more word 
about it and then back to the “corn.” 
Since last writing I’ve had the op 
portunity to observe the clubroom in 
action, and while I ‘still think it has 
a number of advantages, I don’t be 
lieve it will work out unless these 
conditions are met. (1) A_ large 
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ACE SARAN PIPE AND FITTINGS 


charcoal 


For more than a quarter of a century Ace 
has guarded the health of millions of Amer- 

Jf icans by supplying fully corrosion resistant 
equipment to most of the nations successful water 
purification and waste water disposal installations. 
Our engineering staff backed by this invaluable ex- 
perience and armed with the very best of material 
available is ready at your call to assist in answering 
your most difficult corrosion problems. 

Shown here are just two items in the complete 
line of protection provided. Others are described 
in our 64 page illustrated catalog “Ace Rubber 
Protection” and in the Saran booklet sent free on 
request. 


ACE HARD RUBBER 
AND ACE SARAN— 


MERICAN HARD RUBBER COMPANY 


11 MERCER ST., NEW YORK 13, N. Y. 


AKRON 9 111 W. WASHINGTON ST. 
OHIO CHICAGO 2, ILL. 


ACE HARD RUBBER LINED DIAPHRAGM VALVE 








The following chemicals are efficiently and economi- 
cally handled by DRACCO Pneumatic Conveyors in 
Water Works and Sewage Treatment Plants located in 
all parts of the country. Alum, lime, soda ash, bauxite, 
ferrous sulphate, pebble lime, activated carbon, and 
ammonium sulphate. 


A PARTIAL LIST OF DRACCO INSTALLATIONS 


FRIDLEY FILTRATION PLANT 
DALECARLIA FILTRATION PLANT 
MUNICIPAL WATER SOFTENING PLANT 
MUNICIPAL WATER SOFTENING PLANT 
LEMIEUX ISLAND FILTRATION PLANT 
MAHONING VALLEY SANITARY DISTRICT 
MUNICIPAL WATER PLANT 
MUNICIPAL WATER PLANT Peru, Ill. 
U. S. GOVERNMENT FILTRATION PLANT. .Ft. Leavenworth, Kans. 
MUNICIPAL WATER PLANT Hamilton, Ohio 
BACHMAN WATER PURIFICATION PLANT 
MUNICIPAL WATER PLANT b 
MUNICIPAL WATER PLANT Springfield, Ill. 
MINNEAPOLIS-SAINT PAUL SANITARY DISTRICT. .St. Paul, Minn. 
(Sewage Disposal Plant, 2 installations) 
MUNICIPAL WATER PLANT (2 installations) Milwaukee, Wis. 
MUNICIPAL SEWAGE DISPOSAL PLANT....Oklahoma City, Okla. 
MUNICIPAL SEWAGE DISPOSAL PLANT Denver, Colorado 
MUNICIPAL WATER PLANT Covington, Ky. 
MUNICIPAL WATER PLANT 
CLAYTON SEWAGE DISPOSAL PLANT 
SEWAGE DISPOSAL PLANT (2 installations) 
MUNICIPAL WATER PLANT 
MUNICIPAL WATER PLANT 
MUNICIPAL SEWAGE DISPOSAL PLANT 
MUNICIPAL WATER PLANT 
CITY OF TORONTO WATER WORKS PLANT 
WATER FILTRATION PLANT 
EL RENO WATER TREATMENT PLANT 
CITY OF GRAND FORKS 
MUNICIPAL SEWAGE PLANT 
WATER FILTRATION PLANT 
INDIANAPOLIS WATER CO 
WATER FILTRATION PLANT 
MUNICIPAL WATER PLANT 


Minneapolis, Minn. 
Washington, D. C. 
Sandusky, Ohio 


Atlanta, Ga. 
Cleveland, Ohio 
Benton Harbor, Mich. 
Warren, Ohio 
Detroit, Mich. 

Flint, Mich. 


Grand Forks, North Dakota 
Pittsburgh, Pennsylvania 
Wichita, Kansas 
Indianapolis, Ind 
Appleton, Wis. 

Chillicothe, Ohio 


Write for Bulletin No. 528 
DRACCO CORPORATION 


4079 E. 116th St., Cleveland 5,0. @ New York Office, 130 W. 42nd St. 


PNEUMATIC CONVEYORS + DUST COLLECTORS = 
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room, preferably with tables and 
chairs, (2) Active participation in 
the actual functioning of the club- 
room by a committee of the manu- 
facturers, (3) Forehand knowledge 
by the members of the association 
that the clubroom is to take the 
place of room entertainment, and 
that means take the place of, (4) No 


substitution of the hote} bar for 
room entertainment during the tech- 
nical sessions, (5) No peddling of 
refreshments by the hotel waiters, 
and (6) No expectation by regis- 
trants that manufacturers will also 





CHECK 


A 


PROTECTS 
PUMP 
FROM 

DAMAGE 

DUE TO 
LOSS OF 
WATER 


PREVENTS 
OPERATION 
OF PUMP 
UNTIL 
PROPERLY 
PRIMED 


—————/ 


HAZLETON 
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furnish room entertainment after 
the regular evening’s entertainment 
is over.—O. K., Boys, I’ll go quietly. 


+ a * 


Who should turn up at the Elmira 
meeting of the N. Y. Sect. AWWA 
last month, but none other than 
Frank “Red” Griffiths of W & T’s 
Texas district. Seems that “Red” is 
now “back home” and located in 
Syracuse. Welcome, Chum—You’ve 
come a “fur piece,” as I learned to 
say when I lived in Texas. 


Hazleton Type 'M’ 


VALVE 


with Built-in Mercoid Motor Shut-off 
Switch for Automatic Pump Protection 







Flow switch insures pump against 
damage in event pump loses water 
during operation. Mercoid switch 
is actuated by valve-flap. Switch 
is connected into no-voltage coil 
of motor starter. 


Write for Further Information. 


BARRETT, HAENTJENS & CO. 


PENNSYLVANIA 





| of Summerfield. 
| Hope to see you at an AWWA Con- 
| vention some time. 


| Conference and was I surprised 


_ home of the 500 mile classic. What 





As a fellow who once aspireg to be 
a lexicographer in the field of Sani. 
tary engineering, I’m happy to hear 
that the terminology in chlorinati 
practice has at last been straigh, 
ened out. § 

I understand that instead of the 
terms “marginal chlorination” and 
“breakpoint chlorination” or “super. 
chlorination” the powers that be 
have decided that henceforth y 
shall say “combined residual chlor. 
nation” and “free residual chloring. 
tion.” The former to be applied t 
any chlorination producing a “com. 
bined available chlorine residyaj” 
i.e., up to the breakpoint, and the 
latter term to be applied to chloring. 
tion producing “free available regi. 
ual chlorine,” i.e., after the break. 
point. 

This means that the word “break. 
point” will henceforth be used as , 
noun to mean the point at which the 
residual chlorine drops and the type 
of residual changes from “combined” 
to “free.” “Breakpoint” then will he 
the dosage in ppm. of chlorine at 
which this change occurs.—Now that 
terminology is “plumb sensible.” 
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* * 





We are very happy to announce 
that Water & Sewage Works now 
has as a new subscriber, the best- 
known Water Commissioner in the 
U. S. A.—None other than Throck- 
morton P. (The Great) Gildersleeve 
Welcome, Gildy! 








* * + 
















Sooner or later I was bound to 
meet him.—I just had to meet him 
—I had to see the fellow who lured 
Jo Quinn away from the Indiana 
State Board of Health and into the 
business of selling baking powder— 
Well, I met him—him being the 
“Tony” Hulman. I met him in Jan 
uary at the Purdue Industrial Waste 


“Tony” turned out to be “one swell 
gent” to borrow an expression from 
the usually “quiet” Jo Quinn. 
After I had pumped Jo for the 
whole story I learned that besides 
making ‘“Clabber Girl Baking 


Powder” (plug) Tony had time tj 


be chairman of the Indiana We 
ter Resources and Flood Contrdl 
Commission, and chairman of a Pur- 
due Research Advisory Board, 4 
well as run a gas company among 
several others. Not only that, but 
he, Tony, is also the motivating 
force in the Indianapolis Speedway, 
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You get perfect 
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Self-contained Semi-automatic : 
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No. 65R Threader 
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The Time Is Approaching 
When You Can Again Get a 


PEERLESS 









~ ae @ Like thousands of others, you've probably put a new 
e best. water pump at the top of your must list of improvements. 
in the . Will I be able to get a Peerless?” you ask. The answer is 
Throck. sounding more cheerful every day. Yes, you will, in the 
rales not too distant future. The big Peerless back-log of orders 
Gildy! is being worked on 24 hours a day. The situation improves 





daily. But don’t wait to place your order until your need 

becomes desperate. Consult with the nearest Peerless Dis- 

tributor now and get your order on file. We'll do every- 

thing within our power to deliver your needed pump as 
soon as we can. Certain types can be delivered sooner than 
ther models—so check with Peerless now. 
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mi @ This modern threader is always 

ig the ready to cut perfect threads on 1”, 

in Jan- 14", 1%" or 2“ pipe. One set of 

‘= chasers that stay in the die stock a 

prised adjust to size in 10 seconds—work- / stands up hand- 

e swell . . ily on the floor. 

. fi holder sets instantly, no bushings. “” reco ar 
Precision-made in all 23 of its rugged steel-and- neat 

or the malleable parts, it gives you micrometer perfect The Peerless Line is Most Complete 

besides threads with least possible effort — and quickly. Deep Well Turbine Pumps Horizontal Centrifugal Pumps 

= . To cut smooth threads more easily ad ask your Sup- Oil Pores a Solid, ena nie Types 

. We ply House for the efficient RI@AaID No. 65R. Capacities: 15 to 30,000 g.p.m. Capacities: 2 to 70,000 g.p.m. 

Also Jet and W ater King Domestic Water Systems 
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| Food Machinery Corp. 
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CHEMICAL 


FEEDERS 


PROVIDE VERSATILITY 


in Norwood 
Installations 


i - 


Chemical Feeder equipment, 
part of the Norwood Filter 
System at Municipal Water 
Plant, Plattsburg, N. Y. 


As important as the filters themselves is the 


chemical feeding equipment used to correct 


water content for many industrial or municipal 


plants. 


Norwood engineers consider each project as 


aw hole 


unprocessed water arrives at the laboratory 
until the finished insta'lation is turning out the 


proper volume of corrected water. 


from the time the initial sample of 


The 
NORWOOD 


ENGINEERING COMPANY 
25 N. Maple St. 


Florence, Mass. 


The filters, the coagulation basin, the back- 


wash system, the aeration and c 
ing. the pumps and valves 
Norwood plan for complete water 


for any purpose. 


a race! And what a guy to be run- 
ning it—P.S. Tony, I highly ap- 
prove of Jo’s move, now! 


* * * 


So help me, ’strue. We’ve heard of 
several sewage plants that have 
trouble with fish swimming into the 
final tanks from the lake or river, 
but so far as we know the Great 
Lakes Naval Training Station has 
the only sewage plant where a “No 
Swimming Allowed” sign hangs over 
the Final Tank. - - - For the benefit 
of the Navy Bootees (not the fish), 
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Your inquiries are invited. 


hemical feed- 
are included in the 
treatment 


x3 


wa 


who found it too inviting. Where 
have I heard that story before? 


* * * 


In our February issue we ran an 
article by “E. J. Ernie” Bear on 
Public Relations. Unfortunately, the 
footnote was left off the article, tell- 
ing that Ernie had read that paper 
before the North Jersey Water Su- 
perintendents Association. Our apol- 
ogies to both Ernie and the boys 
from North Jersey. There is a real 
live-wire organization if there ever 
was one. 
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[Overflow from the main Section| 


More Water & Sewage 
Works Projects 


Recent Federal Loans for 
Construction Plans 


Last August Water Works ay 
Sewerage began the lis%ng of wate 
and sewage works projects for whic 
the Federal government had mag 
loans for the preparation of the 
plans. These funds which are mag 
available through the Bureau of 
Community Facilities of the Feder) 
Works Agency are to be repaid whe 
construction is begun. 

In August were listed 61 com. 
munities (77 projects) in 21 states: 
in September, 100 communities (12 
projects) in 27 states, and in Noven. 
ber, 165 communities (206 projects) 
in 35 states. Between Nov. 1, 194, 
and March 15 of this year, the Bu. 
reau of Community Facilities has 
announced the issuance of loans for 
plan preparations to 526 communi- 
ties (629 projects) in 46 states. 


Communities receiving these most 
recent loans and the estimated cost 
of the completed projects are liste 
herewith by states. 

Estimated 
Community and Facility st 


Alabama 
Andalusia (sewage) 
Andalusia (sewage) 
Anniston (sewage) 
Bay Minette (water) 
Carrville (water) 
Centre (sewage) 
Centre (water) 
Clanton (sewage) 
Courtland (sewage) 
Decatur (sewage) 
Eden (water) 
Foley (water) 
Headland (water) 
Jemison (water) 
Lafayette (water) 
Ragland (sewage) 
Scottsboro (water) 


Arizona 
Flagstaff (sewage) 
Flagstaff (sewage) 
Flagstaff (sewage) 
Gilbert (sewage) 
Safford (sewage) 
Tempe (sewage) 
Williams (water) 

Arkansas 
Alexander City (sewage) 
Arab (sewage) 
Benton (sewage) 
Benton (water) 
Bessemer (sewage) 
Black Oak (water) 
Black Rock (water & sewage).. 
Brewton (water) 
Brewton (sewage) 
Caraway (water) 
Caraway (sewage) 
Clarksville (water) 
Clarksville (sewage) 
Clinton (water, 
Clinton (sewage) 










Stops Under-Water 
Rusting INSTANTLY! 











The Electro Rust-Proofing System of Cathodic Pro- 
tection instantly and permanently stops rust for- 
mation on the under-water interiors of steel tanks 











































PROTECT YOUR HEALTH 


Measure, Mix and Feed Chlorine Gas Accurately for 
Water Works, Swimming Pools, and Sewage Purifica- 


tion with EVERSON SterElators. 


EVERSON SterElators are the best from every stand- 
point. Dependable, accurate, safe, easy to operate. 
A wide range of capacities. Guaranteed to give 
complete satisfaction. 


SEE EVERSON FOR THE LAST WORD IN 


SWIMMING POOL EQUIPMENT 
233 W. HURON ST. CHICAGO 10, ILL., U. S. A. 

































rage and other water storage or water handling equip- 
ment. It kills the cause of rust — without paint, 
chemicals or moving parts. 
f it's a simple electrolytic 
= process. We engineer it to 
meet your corrosion prob- 
lem—exactly. We install and 
rks ang guarantee it. Unnecessary to 
of wih drain tank. Initial cost is 
wf Wee usually about the same as 
OF which one good cleaning and paint- 
ad made & | ing job; operation cost is 
of the U negligible. Electro Rust- 
r Pr) Proofing is serving leading 
Te made municipalities and industries 
reau of fer now, in standpipes, floccu- 
Federal || lators, deep wells and other 
id whe || | | |... types of water handling 
, I} | | \*~ equipment. Advocated by 
i oa recognized independent 
61 com. los Se authorities. Write for new 
| states: fact-filled folder. 
States: 
ies (12 
Noven- ELECTRO RU ROOFING 
rojects orton or 
LG 5 
1945, DAYTON 10, OHIO, U.S. A. 
the Bu. 
ries has 
ans for 
ymmuni- t : 
tes. FRE Ui 
Se Most ‘Tele ° YR A 
ted cost 
e listed 
-Stimated 
Cost 
$ 72,00 
36,00 
438,000 
208,00 
7,400 
22,63! 
AY This revised and en- 
50, 008 larged edition, writ- 
Hy ten by Dr. Frank E. Hale,* 
709 describes in detail methods of ‘| eo AN AUTHORITATIVE WORK 
88,07 controlling various forms of micro- CONCERNING THE CONTROL OF 
> scopic life gpa dealt with in MICRO-ORGANISMS AND ELIMI- 
42.00 water supply systems. Descriptive 
192,50 material includes 48 clear photo- MAES © TASTES OD CONES 
micrograph studies of organisms discussed. Simplified 
86.13 methods of applying copper sulphate are also shown. 
71,05 ...Many of the most important water works specify 
fey Nichols Triangle Brand Copper Sulphate. Triangle Brand 
76.10 is available in several convenient sizes for water treat- 
70,0 ment. Write today for details and book. 
230,00 * (Director of Laboratories, Dept. of Water Supply, City of New York 
104,05 
1081 FOR YOUR eho ashe THE STANDARD 
112,08 REQUIREMENTS TRIANGLE BRAND FOR OVER 
33,18 SPECIFY ; 
she COPPER SULPHATE 50 YEARS 
i) 
4 MADE BY 
Rs PHELPS DODGE REFINING CORPORATION 
se Electrolytic Refiners of Copper 
40 WALL STREET, NEW YORK 5, N. Y.* 230 N. MICHIGAN AVE., CHICAGO 1, ILL. 














Town and City officials through- 
out America are adopting OK 
CHAMPION Power Sewer 
Cleaner to keep sewers clean and 
efficient. Takes roots, dirt, sand, 
and other debris up from main in 
one continuous operation. All men 
work above street level. 











CLOSED 


Pulling forward opens 
the jaws that bite into ob- 
structions. Reversing the 
pull on the bucket auto- 
matically closes jaws 
which hold load pulled 
back to street level. Write 
for complete details. 





CHAMPION CORPORATION iammono, ino 


Water & Sewace Works, April, 1946 
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Estimated Monette (sewage) .........s+6+: 55,600 
Community and Facility Cost ene Home (water) ....... Lh +4 
‘ > sewag * Mount Ida (sewage) ...........-. a 
Cotter (sewage) ..............-. 76,550 Murfreesboro (sewage) ......... 76,950 
Crawfordsville (sewage) ....... 38,550 Nettleton (water) 82°150 
OOCREEE SWEREED  occccescecessss 5. oas Nettleton (sewage) ............ 54,900 
Decatur (Sewage) .-.....65++5-: 33,15 Oneonta (water) 125,000 
Fayetteville (sewage) .......... 115,449 Gaetan ta ............. 112°618 
Flippin (water) .........s.e00+. 42,000 ae eanhess” Ceeerereccene $9350 
Nedra Be Saati Bg Rector (water) .............00- 45,335 
ort Sm BSOWABC) 0. csccess »204 oo ee . 
Green Forest (water) .......... 28,260 — aewaee) ceecreeserecess eeees 
Green Forest (sewage) ......... 39,985 Town of Manila (sewage) ...... 55,600 
Hazen (water and sewage)..... 83,304 Town of Mulberry (sewage) : 45,000 
Helena (water) phepeneueseeenes 38,400 Tuckerman (sewage) .......... 51.914 
Helena (sewage) .......cceeeee. 49,900 Turrell (sewage) 44400 
Helena (sewage) ............... 32,350 Wateen jeeaaen si pal engines aiilith 39'090 
SGEMOE CWREEE) ecccccccscccccccs 38,750 Wav. i me cock ose 36290 
SOUNGE GHOWRE) oc cv ccqecececece 33,150 } ting PR enand ebeicig eee +: 98600 
Lake City (sewage) ............ 44,100 Yellville teubaes ee re ne 79'010 
Luxoria (sewage) ............5. 55,600 b Se eee ’ 
De CUED 04.6660ed0cenee60 54,800 California 
De GOONS cakedesceweanecas 43,900 Berkeley (sewage) .........++0. 175,000 
McCrory (sewage) ............. 66,800 Burbank (sewage) ........eee+s ,100 
Magnolia (sewage) ............. 211,490 Burbank (sewage) ............- 38,000 
Manila (water) ........+++e+005 23,535 Burbank (water) .............+. 23,885 
Marion (sewage) .........+...6. 196,083 Corning (SOWARE) ....cccccccess 117,700 
Marshall (sewage) ............. 60,250 oS Perr eee 
Melbourne (water) ............. 48,440 East Bay Mun. Dist. (sewage).. 9,192,810 
9 


Your Useful 
Reference toa 
Complete line 





































For information on the complete Rex line of sanitation and water 
treatment equipment, send for your free copy of the new Catalog 
No. 46-3. 

Catalog 46-3 will show you the outstanding advantages of each 
item of Rex equipment. It will assist your selection of the proper size 
and type for your particular job. You'll find helpful data on: 


Rex Aero-filters Rex Strati-flo Thickener 

Rex Conveyor Sludge Collectors Rex Verti-flo Thickener 

Rex Grit Collectors Rex Skimming Equipment 
Rex Grit Washers Rex Flash-mixers 

Rex Mechanical Screens Rex Floctrol (Slo-mixers) 
Rex Triturators (Grinders) Rex Traveling Water Screens 


Rex Spray Nozzles and other items 


Send for your copy today. Write Chain Belt Company, 1610 West 
Bruce Street, Milwaukee 4, Wisconsin. There is no obligation. 





SANITATION EQUIPMENT 


/ Member of the Water Sewage Works Manufacturers Association, Inc. 





CHAIN BELT COMPANY of MILWAUKEE 


WaTeR & SEWAGE Works, April, 1946 





Groveland Sew. Dist. (sewage). 











Los Gatos (sewage) ........... ue —_ 
Los Gatos (sewage) .........._' int 
Los Gatos (sewage) ........__" ‘ 1004 
Rialto (sewage) .............. °° $3.04 
Richmond (sewage) ............ Loe 
Santa Ana (sewage) ......... |’ ‘ee 
Tuolumne (sewage) ..........., rH 
Connecticut 
ns Mi ke, tp Re 176 
Middletown (sewage) ........., in 
Norwich (sewage) ............. 1.20 
Stratford (sewage) ............ 1/005 8) 
Westport (sewage) ............. 1,092) 649 
Delaware 
Dagsboro (water) .............. 78, 445 
Rehoboth (water) .............. 178'40 
Florida 
Chipley (sewage) .............. bn 
Pe. I edi eda acne cwdeeks Payn 
ee, ee eee 160, 695 
Hollywood (sewage) ........... 481.692 
Jacksonville Beach (water)...., 102/099 
Phamt City (WOGGE) occ ccccccccce 42 35) 
Sanford (sewage) .............. 220009 
Stuart (sewage) ............... 2441509 
Wauchula (water) ............. 65,000 
Georgia 
MMs CORI) ccccvscccccscecscsss 17,800 
Cairo (SCWAage) .....--ceecvecss 136,93) 
Claxton (water) ............ -». «643.009 
College Park (water) .......... 49,535 
College Park (sewage) ......... 102° 857 
DURE COOWRES) occ ccccsecvcss 29, Rap 
TSOUGOR CWREEE) co vcsicccccseccse 34.439 
Hogansville (water) ........... 41,552 
Homerville (sewage) ........... 53,871 
Lakeland (sewage) ............. 60,000 
SSO. OO er 109,000 
GED cénecededescaene 36,500 
Pelham (sewage) .............. 53,000 
Statesboro (water) ............. 39,510 
Statesboro (sewage) ........... 99,385 
Saint Mary’s (water) .......... 79,619 
Statham (sewage) ............0. 25,000 
TORO CWEREE) cccccscsccsecs 122,250 
Valdosta (water) ............., , 
VIOMMR CWAEEE) cc cccccccccsccce ' 
Warrenton (sewage) ........... 55,500 
Idaho 
co | eee 140,0% 
Mountain Home (sewage) ..... 31,000 
Pocatello (GOWABG) ....ccccccee 375,000 
PRO CWEET)  occcwecedvncnces 147,000 _— 
Iinois “ 
Ate GOURD) occ ciccrccces 36,500 
eS ane 86,600 
Beckmeyer (sewage) ...-....... 101,00 
Belleville (sewage) ..........++: 426,000 
Belleville (sewage) ............. 214,268 
Benton (SOWASS) ...cccccccccces 34,450 
Bloomington (sewage) .......-. 1,000,000 
Bunker Hill (sewage) ......... 137,250 
Camp Point (sewage) .......... 96,000 
Camp Point (water) ........... 92,595 
Carlinville (sewage) ......... . 132,50 
Coulterville (sewage) .......... 75,372 
CEBRPOS GHOTIMIRD co ccccccccccccce 1,300,000 
De Soto (WCC) ..-.ccccccccces 000 
Dietrich (sewage) .........+... 49,200 
Dietrich (water) ..........eee0. 43,800 
Effingham (sewage) ........... 350,000 
Elmwood Park (water) ........ 219,157 
Fairbury (water) .............. 21,700 
Fairbury (sewage) ..........++- 111,00 
Fairbury (sewage) ......-...... 21,800 
WEE. CWGREED cscccccccvcceces 81,000 
Flat Rock (sewage) ..........+: 48,79 
MEET ccccdveseseacennas 140,000 
GHOMGRSD CWMEET) ccccccccccccces 110,000 
Green Valley (water) .......... 800,000 
Homewood (water) ..........++- 71,000 
EM BOTS CWELEE) cc cwccscccsccs 68,700 
Lensbury (water) ....ccsccccces 59,000 
Lexington (water) ...........-- 61,100 
Martinsville (sewage) .......... 82,857 
OO ee eee 68,000 
Milford (SGWa@e) ......ccccccees 125,000 
Mounds (S6WORZEG) ....cccccscees 55,500 
Nokomis (sewage) ..........++: 80,000 
OCRbomE (OOWARS) oc ccccccccccece 45,284 
i ll rae 178,480 
Pocahontas (water) ............ 71,000 
Percy (sewage) ..........+-+0+ 67,000 
POOTR (BOWABS) cccecvcccsseces 1,267,140 
Peoria Heights (sewage) ....... 77,541 
Pittsfield (sewage) ............. 90,000 
Ridgeway (sewage) ............ 84,000 
Roanoke (water) ............-> 30,380 
Rockton (water) .............: 48,000 
St. Clair Co. (sewage) ......... 902,000 
St. Clair Co. (sewage) ......... 800,00 
NE CN ee oc ey oan 163,000 
South Pekin (sewage) ......... 103,500 
Deere GROWERS) 242 cccecccesss 66, 
Summit (water) ..............: 232,730 
, ne ee errr 69,450 
OO err 116,206 
Vandalia (sewage) ............: 208,600 
Westmont (water) ............ 20,800 
Willisville (sewage) ......-.+++ 52,600 
Wood River (sewage) .......... 74,900 






42, 359 
220,000 
244,509 

65,00 


17,80 


136,939 


43,000 
49,535 
102,857 
29,89 
34,438 
47,552 
53,877 
60,000 
109,090 
36,500 
53,000 
39,510 
99,385 
79,619 
25,000 
122,250 
595,000 
80,000 
55,500 


140,0m 

31,00 
375,000 
147,000 











KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 


Analysis 





Can be used for any determination in 
which color or turbidity can be devel- 
oped in proportion to substance to be 
determined. 


KLETT MANUFACTURING CO. 


179 EAST 87th STREET @ NEW YORK 28, N. Y. 








BITUMIN 
ORROSION 


There is only one means of permanent protec- 
tion against the inroads of oxidation — that’s 
Bituminous Enamel 


We are nationally known approved Applicators 
vf Bituminous Coatings for treating Steel Stand- 
pipes, Elevated Water Tanks, Water Mains, 
Penstocks, Lockgates and other Water Works 
installations. 


IN CASES REQUIRING CATHODIC 
PROTECTION, WE RECOMMEND 
BITUMINOUS COATINGS TO ELIM.- 
eeue roe.et INATE CORROSION 


AT WATER 
LEVELS AND ABOVE. 


W.A.BRIGGS BITUMEN Co. 


3303 Richmond Street, 
PHILA. 34, PA. 
















> 434-414) (ed eo) 41S Seo 2-419) a) ed 1 e) bbl ons 
PUMPS “ty furora™ 


AURORA CENTRIFUGAL e@ APCO TURBINE-TYPE 


The able performance of our pumps, 
with high efficiency and lasting depend- 
ability, fulfills the fundamental purpose 
of our business. Put a PUMP "by 
Aurora” on that next liquids handling - 
job. You'll LIKE IT, TOO! 


Aurora Deep Well Turbines 
for all conditions—4"' to 24" 












wot. J Type AD Hor. Split Case, NSA Aurora 
= a Two Stage Centrifugal Centrifugal 
Type OD Hor. Split-Case Double Suction Sump Pump 





Single Stage Centrifugal 
~ Apco Turbine-Type Pumps 
The simplest of all pumps. 


= 












Type GMC | ideal for small capaci 
pacity, 
ecuehe high head duties. Silent, 
entrifugal compact and lasting. 















Type GGU Side Suction Pxe Bes 

Single Stage Centrifugal APCO Horizontal 

Condensation APCO Single Stage 

Return Unit Turbine-Type 

Write for CONDENSED CATALOG M 
or See Our Catalog in SWEETS. 












DISTRIBUTORS IN PRINCIPAL CITIES 




















Money, Time and Labor Saving 
Features of 


CAST IRON PIPE 


Laid with Only Wrenches 


v 





No Caulking Materials 





No Gaskets. No Bell Holes 


to Dig. 


v 








For water supply, fire protection sys- 
tems sewage disposal systems, indus- 
trial, and irrigation. Flexible. 


Dept. C. 
THE CENTRAL FOUNDRY COMPANY 
386 FOURTH AVENUE, NEW YORK 16, N. Y. 


Gentlemen: Send us information and catalog on 
UNIVERSAL CAST IRON PIPE. 


eececeeeeeeeeseereseaeeeeeeeeeeeeeeeeeeeeses® 
coeoeceeoeeeeoeeceeeoeeeseeseeeeeseeeesn 


coerce eee ee eeSSSSSeSeSeeeeeeeeeseesOesesesese 
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Estimated 

Community and Facility Cost 
Indiana 

Bristol (water) 

Bristol (sewage) 
Crown Point (sewage) 
Decatur (sewage) 

East Chicago (sewage) 
Elkhart (sewage) 

Gary (sewage) 

Marion (sewage) 
Meridian Hills (sewage) 
New Carlisle (sewage) 
Noblesville (sewage) 
Plymouth (sewage) 
Thorton (sewage) 
Union City (sewage) 
Wakarusa (sewage) 


63,985 
72,300 
164,500 
430,000 
1,465,240 
3,000,000 
760,155 
370,300 
208,500 
87,168 
264,000 
280,000 
90,250 
71,000 
21,500 


lowa 
Brayton (water) 
Carlisle (sewage) 
Casey (sewage) 
Dallas Center (water) 
Grimes (water) 
Jesup (sewage) 


21,000 
97,729 
97,652 
10,000 
20,300 
111,300 


Vhat’s a lot of capacity—an all-welded- 
panel gas holder more than 1,000 feet 
high! 

So far, we've never found a customer 
who needed a single holder that big 
but we've built them as large as 
10,000,000 cubic feet and as small as 
190 cubic feet. 

However. 60,000,000 cubic feet is the 
total capacity of all these Stacey 
Brothers all-welded holder installations 

an enviable record when you consider 
this type of construction is com- 
paratively new. 

There are good reasons for this over- 
whelming customer endorsement; 
Stacey Brothers pioneered the all- 
welded type of construction. Measuring 
capacity with “know-how”, this 60,- 
000,000 cubic feet of construction rep- 
resents a wealth of experience—experi- 
ence that pays off in speedier erection 
and trouble-free operation. 


TANKS 
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44,700 
83,500 
55,500 
28,500 
20,000 
52,500 


Lamoni (water) 
Lamoni (water) 
Lamoni (sewage) 
Lamoni (sewage) 
Moulton (water) 
Richland (sewage) 
Kansas 
Alta Vista (water) 
Alta Vista (sewage) 
Fort Scott (sewage) 
Goodland (sewage) 
Holyrood (sewage) 
Junction City (sewage) 
Junction City (sewage) 
Kansas City (sewage) 
Leavenworth (sewage) 
Lenexa (sewage) 
Leonardville (sewage) 
Little River (sewage) 
Miltonvale (sewage) 
Spring Hill (water) 
Walnut (water & sewage) 
Winona (sewage) 
Kentucky 
Dawson (sewage) 
Earlington (sewage) 


45,000 


65,967 
169,659 











But there are other important advan- 
tages, too—inherent design features. 
The famous patented Stacey Brothers 
All-Welded-Panel construction not only 
licks the problem of internal corrosion 
behind vertical legs and between laps, 
but results in a structure that’s me- 
chanically round and free of unsightly 
deformations. 

When you need gas-holder capacity, 
it will pay you to get a quotation and 
recommendations from Stacey Brothers. 
No obligation, of course. May we hear 
from you? 


STACEY BROTHERS GAS 
CONSTRUCTION CO. 
One of the Dresser Industries 
5535 VINE STREET - CINCINNATI 16, OHIO 











Franklin (sewage) . 
Georgetown (sewage) 
Glasgow (sewage) 
Glasgow (sewage) 


Jefferson Co. 
leitchfield (sewage) 
Louisville (sewage) 
Madisonville (water) 
Pleasureville (water) 


Russellville (water) 
Russellville (sewage) 
Versailles (water) 
Versailles (sewage) 
Louisiana 
Bossier City (water) 
Bossier City (sewage) 
Boyce (sewage) 
Breaux Bridge (water) 
Bunkie (sewage) 
Chaney (sewage) 
Columbia (sewage) 
Duson (water) 
Gueydan (sewage) 
Gueydan (sewage) 
Hammond (water) 
Hammond (sewage) 
Jonesboro (water) 
Kentwood (water) 
Kentwood (water) 
Lafayette (water) 
Lafayette (sewage) 
Lafayette (sewage) 
Logansport (sewage) 
Madisonville (sewage) 
Mansfield (water) 
Napoleonville (sewage) 
Napoleonville (sewage) 
Ponchatoula (sewage) 
Springfield (water) 
St. Francisville (sewage) 
St. Martinsville (water) 
St. Joseph 
Winnfield 


Maine 
Lubec 


Maryland 
Chesterton 
Crisfield (water) 
Crisfield (sewage) 

Massachusetts 
Agawam (sewage) 
Chicopee (sewage) 
Fall River (sewage) 
Grafton (water) 
Grafton (sewage) 
Hatfield (water) 
Monson (sewage) 
Town of Essex (water) 
Town of Norfolk (water) 
South Dighton (water) 
Upton (water) 

Michigan 
East Jordan (sewage) 
Montague (sewage) 78,006 
Muskegon (sewage) 554,320 

Minnesota 
Aitken (sewage) 

Chisago City (sewage) 

East Grand Forks (sewage) 
Farmington (sewage) 
Hastings (sewage) 
Lindstrom (sewage) 
Rochester (sewage) 
Rosemount (sewage) 

St. Paul Park (sewage) 

Verndale (water) 

Verndale (sewage) 

Warren (sewage) 

Young America (water) 

Mississippi 
Calhoun City (water) 

Corinth (sewage) 

East Tupelo (sewage) 

Gulfport (sewage) 

Leaksville (water) 

Lexington (sewage) 

Lexington (sewage) 

Lucedale (sewage) 

Marks (water) 

Marks (water) 

Meadville (sewage) 

Mize (water) 

Monticello (water) 

Monticello (sewage) 

Mount Olive (sewage) 

New Hebron (water) 

Pontotoc (water) 

Pontotoc (sewage) 

Quitman (sewage) 

Sandersville (water) 

Summit (sewage) 

Missouri 
Alma (water) 

Alton (water) 

Benton (water) 

Braymer (water) 

Chaffee (water & sewage) 
Clarksville (sewage) 

Clinton (sewage) 

Dexter (water & sewage) 

Gideon (water) 

Kennett (water & sewage) 

Kennett (sewage) 

Knobnoster (sewage) 


(sewage) 74,630 
(water) ......+..0... Gime 


(sewage) 58,600 


(water) 62,600 
242,000 
300,080 





= 


pee met ee ee ee et et FP POO ek ek ee et es et ee as ee et 


z 


z 


2 
ooh i oh Oi Oi et Od ad Bah tnd ee A eee ehemesen mm Aen mel male « 


~ er 


she sic oicoicoles lar 


p— 








76,369 EER ee ery er 68,900 
30.8% Linn (sere (sewage) ...-.+++- 69,026 
165,009 Marionsv sy (SeWABE) «2.00.65: 57,260 
68,04 Marionsv “ water) ececeeesseses 56,900 
41,717 Marshes (sewage) seteveseoue 63,900 
1,472 14 Marshfield Re te ne 
107.9 ily = Re SaaaR 52,140 
4,997.99 Palmyra — — aoe 76,200 
663,019 Parma (sé - ESS gallate 79'000 
72,999 Pattonsburg 1 2 EAE 64,000 
15,309 tS cemeh .......00+-00 135,000 | 
25,004 Se RRND voccenssesccnsts 176,319 | 
122,099 Se et rs (sewage) 28.100 | 
38,009 Ep aeandl gly = lla 30,000 
99" . S mmersville (water) ...ccccece 30,000 | x >] ~ t 
a imfon star (water) oo cscco 54,677 FOR FLEXIBLE. 
ralisto vist. SC@WABC) .. cee 9 
40,000 Wellston - 
12m Montane se) — ECONOMICAL 
38,599 i See 91,460 
- ‘ yeer Lodge (water) ..cccccccees ote » 
1313 Deer Lodge (water) ......-.+. 78.700 AERATION... 
18’ Plenty wood (water) .......++.. 71,000 
12'3%5 Plentywood (sewage) ...... . 12,487 
32,000 Nebraska 
169,009 Cambridge (sewage) .......-- , 114,980 
8,59) McCook (sewage) ........+++6- 123,681 
90, 258 North Platte (sewage) nies 350,000 
137/74 
ot jada - 
887 "Rattle Mountain (sewage) ..... 54,000 
~s Reno (Water) ...-----eeee ee eeee 415,000 
1,00) . 
210, New Hampshire , 
5i'ee Keene (water) ....-.-scceceeces 83,000 
5,000 ; age) 66,130 
475,000 . Keene (S@€WABC) «2. ee eee eee nees vie 
60,000 New Jersey ; 
82,867 Buena Vista (water) .......... 116,110 
79,435 Buena Vista (sewage) ......... 160,000 
72,230 Camden (sewage) .............- 1,424,403 
27,958 Pee ROU dxsenxesiasccce 568,000 
25,366 Clifton (sewage) ..........s000. 185.000 
15,935 Hammonton (sewage) .........- 91,800 
50,00 Passaic (SCWABC) ......eeeeeeee 208,860 
34,000 Paterson (sewage) ............. 959,000 
74,630 Town Livingston (sewage) ..... 335,000 
10,58] : 
a8 g ny oo Sa ee. 100,000 , SS Direct-connected, motor-driven R-C blower installed 
58. 600 Farmington (water) ........... 120,000 in an eastern sewage treatment plant. 
Farmington (sewage) .......... 58,320 
62.60 Raton (sewage) ...........2+45- 83,200 
24200 North Carolina 
300 ogi Chapel Hill (sewage) ........... 316,000 
East Spencer (water & sewage) 90,000 
126 71 Lexington (water) .......... , 215,000 
sen SOOT CWEEETD cc wccccccccen 136.000 
pot Lexington (water) ............. 62.500 ~ : 
ao ne gy Mh seesehess SE @ In one compact Roots-Connersville blower, you 
S06, eS ooo bos c kc eceee 81,000 P av i - iti 
177, 0 rs oe fo Trees stews 107°555 can have three different capacities to meet vary- 
coven Norwood (sewage) ............. 94,575 ° ¥ eae * 
136 aa Salisbury (water) ...... secssces 46083 ing conditions. 
Mp Salisbury (sewage) ............ 71,185 r ss 
site Town of Franklin (water) ...... 33,200 The chamber of this Multi-Capacity unit is 
124 00 Town of Franklin (sewage) ... 12,900 pe ® . ‘ = ; 
24, Town of Morgantown (water) .. 172,100 built in two sections of different widths, each with 
99.16% Town of Morgantown (sewage). 268.500 2 r iat 
om Warsaw (water) ........... 2. 45,000 its own impellers, driven by one motor. Two by- 
mt, arsaw (water) ..........0c00. 15,000 ‘A 
9% : 5 ‘ ’ ‘ . ‘ —_—- . 
504,32 gareaw (sewage) Gisieeecnanaend 35,000 The R-C Multi-Capacity Blower pass valves permit delivery of air into the line 
on) orth Dakota employs the long-proved Rotary ° ° . > 
- eh he |" TrtTy ts =o Positive Displacement principle de- from either section, or both. The unused section 
«te Me ock WEEOT) ccccce ne Rewine 05,800 
29 ’ veloped b almost a centur . : ° ° 
ae Maddock (water) ........0 22... 7,700 cad: tis dats ead dies passes the air without compression, and thus with 
vr Maddock (sewage) ........ owen 77,300 . . ° P 
=—s Sheyenne (water) 22.0 ....2000. 59/000 a definitely predetermined volume. practically full power saving. i 
220,28 Sheyenne (sewage) ............ 55.000 F : 
1,540,800 Ohio : ~ ° ° ° ° eh ee | 
75.14 Akron (sewage)... ed: oe 5. 118,000 R-C Multi-Capacity units provide flexibility 
oa Athens (sewage) ..... wa 375 .. . , 3 : 
5,064 nel ge oe .. A thptey with economy in first cost, power and space. 
95,000 Brookvill ; oo  Brbdeesicdtecnss se és 3 ¢ nae x . 
44 ities 2a This is an example of dual-ability which is 
0,4 Cambridge (sewage =e "Or “lh : ° 
pow pint a ge 193,350 = built into every Roots-Connersville product. This 
60,000 De Graff ( owe eeeeeeeoesseeseeses = , - ‘i t " 
97 4 sc ata DP eeesewconeces 149,000 , > . ti 
127 Rast Liverpool (sewage) 2.2.2.) Sen combination of sound engineering, plus long-time 
1,000,000 Stein Geer teeeees ge economical operation accounts for the wide ac- 
52.75 Fremont ( ome al al peas ae Seah te 900, r 
4 A : “ateiate gg MOOT Ce 165,000 . E 
— Franklin County (sewaee) 1.500 000 ( eptance of our equipment. 
1200 Ironton (sewage) .............. 265,500 P . 
ae Lscas (eowag@e) 0.0.2.2. 2. 0.2. 56.500 Send for bulletin 23-B-12 for helpful data on 
7 aM “iitord (sewage) ....... cecvee Bndn40 : 
si. Pleasant Hill (water) ........ 7! 10°300 blowers, gas meters and filter vacuum pumps for 
99 16 Portsmouth re 62,74% Where applications can best be > 
y- Portsmouth (sewage) ........_. 33,315 served by Centrifugal Blowers, sewage treatment and waterworks. Our engineers 
Ll, ortsmouth (sewage) ... 17,520 R C ille off ing! . : . . 
82.00 Portsmout! IOEDO? sc cecescee 7,020 ‘oots-Connersville offers single or p , Ss , , 
we Portsmou 1 (eewage) eesti 12'867 aidan wits ee te are at your service without obligation. 
34.5% Sidney (sewage) . water) .... aoe of designs and capacities to meet 
645i ne ts) 267.00 . P 
15000 HE Oklahoma’ “S°WARE) «+--+. -- pe See Seen ROOTS-CONNERSVILLE BLOWER CORP. 
53, i Atoka (water) .. 27 e7e 
30, Barnsdall = MT eben 137,676 One of the Dresser Industries 
z arnsdall (sewage) |...-°°° °° *" Be 91 < F . 
ik Choteau (water) ad Sainaesuediaehie poy ttt 604 Mount Avenue, Connersville, Indiana 
Py Elk City (water) 220 202000II251 181/190 
35, 054 we! , ity (sewage) ............. 141.820 
501! Enid (Water)... ....eeeeeeeeees 646,910 
ABM Beal Gotten, 2S nae MULTI-CAPACITY BLOWERS 
88,500 Enid (sewage) ......... aan ake - 
a4 Garnet (sewage) ........... 15 925 
276, : ruthrie een. phage Swap: 
ae Guthrie teem "ghosts pao yt ROTARY POSITIVE AND CENTRIFUGAL BLOWERS - EXHAUSTERS - BOOSTERS 
5,0" enryetta (water) ...-- 101 972 
155, Hugo aa POD: ies curderwes s6t.o73 LIQUID AND VACUUM PUMPS - METERS - INERT GAS GENERATORS 
86, Jklahoma Cit hohe ee bt 
67,460 Paden (water) vane eeedtbanede _ i778 
1E 09.00.08 00.0 OW OEwS Jidde 
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Estimated Pittsburgh (sewage) 167,400 Liberty (water) Terr 
Community and Facility Cost Pittsburgh (sewage) 146,000 Monchs Corner (sewage) Bac 
Oregon Rochester (sewage) 275,000 Mullins (sewage) ES. 
Milwaukie (sewage) ... 163,379 South Williamsport (sewage) ... 225,000 Myrtle Beach (sewage) 
Oregon City (sewage) 216,000 Van Port (water) 58,000 North (water) 
Pennsylvania Rhode Island North (sewage) 
Ambridge (sewage) 448,861 Cranston (sewage) ,000,000 
Blakely (sewage) 845,715 Jamestown (sewage) 119,267 
Borough Evansburg (sewage).. 24,500 Narragansett (water) 24,500 
Borough Green Tree (sewage).. 262,500 Providence (water) .... 300,350 . 5 
Borough South Heights (sewage) 36,500 South Carolina Scranton (water) 
Bradford (sewage) 548,500 Batesburg (sewage) 91,230 Spartanburg 
Cambria Co. (water) -.. 100,605 Bennettsville (water) 30,750 Sullivans Island (sewage) 
Crescent Township (water) ... 143,800 Bennettsville (sewage) 29,500 Timmonsville (water) 
Du Bois (sewage) 347,000 Bishopville (water) 38,500 rimmonsville (sewage) 
Freedom (sewage) 100,000 Bishopville (sewage) . 80,000 Timmonsville (sewage) 
Greenburg (sewage) 917,500 Camden (water) 172,000 Winnsboro (water) 
Harrisburgh (sewage) 37,000 Cheraw (water) 60,000 South Dakota 
Hopewell Township (sewage) .. 179,000 Cheraw (sewage) 38,000 Faith (water) 
Mount Union (sewage) 157,500 Chester (water) ... 93,325 Hill City (water) 
New Brighton (sewage) ....... 327,000 Chester (water) ...... 51,000 Irene (sewage) 
Northampton (sewage) 100,000 Chester (water) ... 26,000 Midland (sewage) 
Pittsburgh (sewage) , 27,23 Conway (water) 106,397 Newell (water) 
Pittsburgh (sewage) e- James Island (water) 182,692 Wall (sewage) 
Texas 
Alamo Heights (sewage) 
Alta Loma (water & sewage)... 
Amarillo (sewage) 
Athens (water) 
Athens (sewage) 
Sallinger (water) 
Benjamin (water) 
Brenham (sewage) 
Cen'er (sewage) 
‘ommerce (water) 
‘ommerce (water) 
‘ommerce (water) 
‘rosbyton (water) 
‘rosbyton (sewage) 
4 Friona (sewage) 
. ‘ c N : Fort Worth (water) 
e ; ee Fort Worth (water) 
M1ac. ifie app led ty Rite a Galen Park (water & sewage)... 
4 Bese: hee Galveston Co. (water & sewage). 
. a ° OTs Littlefield (water) 
STE E L pi PE 'S : et m Littlefield (sewage) 
; : Mesquite (water) 
p R OT E "te 7 | Oo N % 7 oo iea tip Odessa (water) 
ie < Odessa (sewage) 
Raymondville (water) 
Raymondville (sewage) 
GIL AND GAS Rocksprings (water) 


Seadust (sewage) 


Vs H Z Seymour (water) 
j Seymour (sewage) 


Seymour (sewage) 


Sweeny (water & sewage) 
Texas City (water) 
Waco (sewage) 


Whitesight (water) 
Tennessee 


POSITIVE BOND CONTROLLED PROCESSING | °%3*5'x,.cst 


Jackson (sewage) 


2 COATS UNDER FELT (V) UNIFORM APPLICATION | ¥ii337°'s5.38° Ss 
| Murfreesboro (sewage) 
, Rutledge (water-sewage) 
Town Fayettville (water) 
White Pine (water) 
Utah 
Centerville (sewage) 
Lindon (water) 
Kaysville (sewage) 
Nephi (water) 
Nephi (water) 
Roosevelt (water) 
Salt Lake City (sewage) 
Spanish Fork (sewage) 
South Salt Lake (water) 
Town Clearfield (water) 
Town Perry (water) 
Town Pleasant View (water) 
Virginia 
Arlington Co. (sewage) 
Cambria (water) 
Cambria (sewage) 
Gate City (water-sewage) 
Gordonsville (sewage) 
Portsmouth (water) 
Portsmouth (water) 
Portsmouth (sewage) 
Richmond (water) 
Town Fairfax (sewage) 
Washington 
Bellingham (sewage) 
Bellingham (sewage) 
Bryn Mawr (sewage) 
Enumclaw (sewage) 
McCleary (sewage) 
MODERN Morton (water) 


. Morton (sewage) 
PIPE Rainier Vista (sewage) 
PROTECTION Sedio-Wooley (sewage) 
Vancouver (sewage) 
PLANT Westport (water) 
West Virginia 
Bridgeport (water) 
Charleston (sewage) 
Davis (water) 
South Charleston (sewage) 


GENERAL PAINT CORPORATION Thomas (sewage) 


Wisconsin 


* EXPORT OFFICE: SAN FRANCISCO, CALIFORNIA, U.S. A.° | @eab teeaberaemanei 
OEE 
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Port Royal (water) 
Prosperity (sewage) 





















1,088.5 
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73,732 










~.eaer (sewa CO) cane nneeeeeeeee esa’: 
Di nag toawase) pceeneeeees 346,290 
Gortonville (water-sewage) .... 1 55,500 
Heaysmith (SCEWABC) «-eeeeceees wy 
Livingston (water) ..----eeeeee- as sae 
Mellen (SEWABE) «--- eee eeeeeees righ 
Mellen (sewage) ceocceeseces 102°387 
pardeeville (sewage) ---+---+--- on’ ate 
»oynette (sewage) oe bOnG6 C468 G8 ) 04 
wn of Jacobs (water) .....--. 8,650 
Tow (sewage) .....-.-- 68,000 





Trempleau Co. 
Trempleau CO. 
Wrightstown 


50,000 


(sewage) V 
64,520 








(water) 























Wrightstown (sewage) ..-.----. 65,508 
wyoming ' 
Grey bull (water) «2.6 eee ececeee 46,000 
Laramie (SEWABC) ...-- cee eeeees 87,000 

¥ Newcastle (SQEWABC) ...ccccccces 19,000 
Town of Greybull (sewage) .... 85,470 
Territory of Hawalt . 
County (Water) ...---ee eee eees 52,000 
County (Water) ....--seeeee eens ont 00 
County (Water) ..---ee eee eeees 261,000 
Kavai Co. CWRROT) ccccccsvesese 50,000 
Maui Co. (water) .....---+---++-- 220,700 

and 


EQUIPMENT 
NEWS 











Electro Rust-Proofing 
Corporation Expands 


Wallace & Tiernan Co., Inc., has 
recently purchased a half interest in 
the Electro Rust-Proofing Corp. of 
Dayton, Ohio. 
Thereby Wk T iyo 
has joined The | 
Dorr Co. as sole 
owners of Electro 
Rust-P roofing, 
with a 50% par- 
ticipation by 
these two leading 
companies in the 
water and sewage 
field. 

Mr. E. H. In- 
gle, pioneering 
owner, will continue as president and 
general manager of the company, 
whose present organization is being 
retained in whole. Under the new 
ownership of W & T and Dorr, plans 
are being completed for pronounced 
expansion of research and follow 
through service in cathodic methods 
of corrosion control. . 

The Electro Rust-Proofing Corp. 
specializes in the furnishing of 
equipment and engineering services 
for the cathodic protection of tanks 
and submerged metal structures in 
water and sewage works. The com- 
pany is entering its 10th year and 
has several thousand installations 
through the U. S. and Canada. 





Ingle 


Ik. H. 
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Have you considered Victaulic 
for your piping requirements? 












“Pipe fitting ain’t what it 


used to be... No sir!” 












“There’s no need today for bulling pipe with heavy 


tongs and other back-breaking, time-consuming op- 
erations. You can “button up” your lines with Vic- 


taulic Couplings. 


“They're simplicity itself ... and fast. A socket 


wrench is the only tool. Only two bolts to make 
... and they’re always accessible. 


up 


“Victaulic makes fittings too . . . elbows, tees, etc. 
...of every type. They’re handy, believe me. Swivel 


and set ’em at any angle...no bolt holes to line 


up. 


“Best of all, Victaulic systems are tight. If you’re 
not convinced, ask a Victaulic user in any field of in- 


dustry. 


“Believe me, we know Victaulic Couplings and 
Full-Flow Fittings can help you. Find out how... 


” 
! 


now 


Write for new Victaulic Catalog and Engineering Manual 


VICTAULIC COMPANY OF AMERICA 


30 ROCKEFELLER PLAZA, NEW YORK 20, N. 


Victaulic, Inc., 727 W. 7th St., Los Angeles 14, Calif. 
Victaulic Company of Canada, Ltd., 200 Bay St., Toronto 
For export outside U. S. and Canada: PIPECO Couplings and Fittings: 
Pipe Couplings, Inc., 30 Rockefeller Plaza, New York 20, N. Y. 


Ve 


SELF- ALIGNING PIPE COUPLINGS 


Sizes — 34” through 60” 


il 





EFFICIENT FULL-FLOW FITTINGS 


Copyright 1946, by Victaulic Co. of America 
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Thousands of Cities 


HAVE LAYNE 
WELL WATER SYSTEMS 


Quality that gives supreme satisfaction was 
the ultimate deciding factor with thousands 
of cities that now own Layne Well Water 
Systems. These cities—and they range from 
the Nation's largest to those of only a few 
inhabitants—were careful to place known 
performance before idle claims. In buying 
Lae Well Water Systems they obtained 
the very best that skill and experience could 
create. 


Layne Well Water Systems have long been 
first choice by big and little cities every- 
where—first choice for highest efficiency, 
lowest cost operation and unparalleled long 
life. In a like manner, thousands of indus- 
tries;—processing plants, factories, railzoad;, 
oil refineries, ice plants and irrigation proj- 
ects also buy. and use Layne Well Water 
Systems. 


Each Layne Well Water System is built to 
fulfill a specific need—and built to produce 
the utmost amount of water under any and 
all conditions. For illustrated literature, ad- 
dress Layne & Bowler, Inc., General Offices, 
Memphis 8, Tenn. 


HIGHEST EFFICIENCY 


Layne Vertical Turbine pumps are available in 
sizes to produce from 40 to 16,000 gallons of 
water per minute. High efficiency saves hundreds 
of dollars on power cost per year. 


AFFILIATED COMPANIES: Luayne-Arkansas Co. 
Stuttgart Ark . L ayne-Atiantic Co., Norfolk, 
Va « o Me 8. 4 . * 
Layne-Nort! . 
Lake La Louisiana 
nroe. La. * L ayne-New York Co 
* Layne-Ne prthwe st Co. Mii. 
waukee, Wis. * Layne Onio Co., Columbus, Ohio 
* Layne Texas Co Houston bones * Layne- 
rn Ce Kansas City Mo. * Layne-Western 
co of Minn eso ta. Minneapolis. Minn. ® Interna- 
tional Water Supply Ltd London, Ontario 
Canada * Layne H » Amerteana, S. A. 
Mexico. D 





WELL WATER SYSTEMS 


VERTICAL TURBINE PUMPS | 
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Duplex Deluxe Chem-O- 
Feeder 


Just released for civilian use by 
Proportioneers, Inc., is their Duplex 
Deluxe Chem-O- Feeder, a new 
chemical diaphragm type propor- 
tioning pump which delivers chem- 
ical reagents in an almost continu- 
ous stream. This new feeder is de- 
signed for positive injection of one 
cr two chemicals at predetermined | 





What “mp 
designed strengt 
‘Can mean to your 





tunnel liner jobs 














adjustable rates, and may be adapt- 
ed for many uses, particularly in 
the feeding of chemicals for water 
treatment. Feeding rate of each 
chemical may be adjusted by chang- 
ing the stroke rate through a two 
step cone pulley with fine adjust- 
ment of the rate being made by a 
stroke length adjustment knob on 
top of the Chem-O-Feeder. Trans- 
parent plastic reagent heads make 
operating parts visible. 

Complete information on this new 
unit may be obtained from Propor- 
tioneers, Inc., 9 Codding St., Provi- 
dence, R. I. 





Bituplastic 

The Wailes Dove - Hermiston 
Corp., of Westfield, N. J., has an- 
nounced a new type of cold applied 
coating material called Bituplastic. 
This material should be of particu- 
lar interest in sewage work con- 
struction and maintenance as it can 
be applied to damp surfaces. 

Bituplastic contains no solvents, 
and because it is an irreversible 
emulsion, can be applied to damp 
surfaces after which it drys shortly, 
becomes waterproof and does not 
revert back to its original state. Bi- 
tuplastic can be applied as very 
thick films in individual coats, and 
produces a film thickness heavier 
than can be secured from ordinary 
thin paints. It will not flow or sag 
at temperatures up to the point of 
disintegration. which is about 600 
deg. F., and it is practically incom- 
bustible. 

The company recommends this 
new cold applied coating material 





Rear view of weighing hopper. This elliptical 
batching tunnel of No. 10 gage Armco Steel js 
11 by 13 feet and 460 feet long. Raw aggre. 
gates were stored over a 10-foot tunnel, 24 


| feet long, and wet sand over an 8-foot tunnel, 


190 feet long. 


This is how three aggregate tunnels buil 
of Armco Corrugated Liner Plates helped 
speed construction of the Norfork Dam— 
1,500,000 cubic yard job. 

First, the plates were easy to handle and 
install. Then, their designed strength per 
mitted placing the tunnel directly beneah 
the aggregate pile, which attained a height 
of 60 feet. Delays caused by freezing in cold 
weather were avoided because the aggregatt 
was handled from the bottom. 

Armco’s method of bolted construction 
made it a simple matter to locate the hop 
pers at any desired point. When the jo 
was done the ARMCO Liner Plates were te 
moved, nested together and stored in 
minimum of space for future use. 

There is a type and gage of Armco Plates 
to meet every tunnel condition. You ca 
order exactly what you need for the job and 
the chances are you'll be “holing through’ 
ahead of schedule. Write today for infor 


mation on your specific needs. Armco Drait- 


age & Metal Products, Inc., and Associated 
Companies, 1365 Curtis St., Middletown, 0. 


ARMCO 


Tunnel Liner Plates 


AN 6) 
\V/ 
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an ideal protection to sunlight , 
and weather, moisture, temperature 
changes, gasoline, oil and grease, 
and will protect metal, concrete, 
masonry, stone, asbestos cement 
products, and insulating material. 
For further information write to 
the Wailes Dove-Hermiston Corp., 


Westfield, N. J. 


as 













R. F. Orth Advanced at 
Johns-Manville 


Johns-Manville Corp. has an- 
nounced that R. F. Orth has been 
appointed Staff Manager of the 
Transite Pipe Section of the com- 
pany. Mr. Orth joined Johns-Man- 
ville in 1924, after graduation from 
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elliptical 
© Stee! is 
IW aggre. 
nnel, 260 
of tunnel, 





Texas A & M in 1923. in 1940 Mr. 
Orth was named Staff Manager for 
Transite Pipe sales in the west, 
and in 1941 came to New York as 
Manager of the Public Utility and 
































Electrical Dept. He now succeeds 
Is bui os , 
ae Chas. A. McGinnis, resigned, as Ss E E TH E D : ig e is R b N C & r 
Deas Staff Manager ot J-M’s expanding 
Transite Pipe Section. 
t pe § IN COLOR-REMOVAL TOO 
ath per a , , 
henead Rockwell Meter Division This spring would you like to obtain better color- 
pe Sponsors Contests removal? Then investigate the effect of activated silica sol as 
; 1 Col ; 
: a coagulant aid. 
gregate $2,000.00 In Cash to Be Gi i . 

a Oe eee eee N-Sol Processes of water coagulation are chosen because 

rractioe hare Menetentantag Co., they shorten settling time, increase the capacity of filters, 
7 hp ee - quitable Meter Div., reduce the chemical costs, and also, improve the quality of the 
the job as announced two simultaneous _ 
vere ts Mj contests designed to stimulate pub- water produced... clear, sparkling water even when colors 
dint lic thinking about the community as high as 300 are encountered. In one water treatment plant, 
wk benefits resulting from a program the color-removal was 85% to 90% before the use of the 
ou cat oo yoni gas ~ to- | N-Sol Process, and after adoption the color-removal was 
al of $2,000. in cash will be | 
eR awarded with a first prize of $500.00 | engyen ny ah SOM. ; 
“for @ it each contest. Instead of a light, weak color floc, get a heavier, tougher 
Drait In Contest No. 1 the entrant te floc and hence better color-removal with the N-Sol Process. 
ociated HS to write the last line to a “jingle” Samples of N-Sol Process activated silica sols for jar tests are 
wn, 0. about 100 per cent metering. Con- available on request. 







test No. 2 is to be of the essay type 
in which the contestant is to write 
4 paper of 2,000 words or less on the 
subject “How a Community Is 


Benefited by Metering All Serv- N-SOL PROCESSES FOR WATER COAGULATION 


ices.” 







es 









Complete details, rules, regula- 


tions, and entrv 8 =) DEVELOPED AND PATENTED BY 
entry coupons for both wo") PHILADELPHIA QUARTZ COMPANY, PHILADELPHIA 6 








contests are a i i é 
ppearing in the trade AVAILABLE UNDER LICENSE WITHOUT CHARGE 
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THE Phipps & Bird LABORATORY 


























IS the important piece of equipment in the Modern Water Works Laboratory. 
Now being used by leaders in water works research. Many superintendents and 
chemists have been able to reduce their chemical costs by the control of chemical 
dosages with this mixer. Write for literature. 


PHIPPS & BIRD, INC. 


RICHMOND, VA. 
“SOUTHERN CENTER FOR LABORATORY APPARATUS AND CHEMICALS" 











THE NATIONAL METHOD ¢ OVER 35 YEARS EXPERIENCE 


SAVE for VICTORY 


x *k * 


ye VERYWHERE Americans are being asked to “SAVE 
4 FOR VICTORY.” Water works superintendents, engi- 
neers and public officials can do more in this connection by 





















investigating the National Method of water main cleaning. 
This method restores the carrying capacity of pipe to at least 
95 per cent of that of new mains, thereby eliminating the 
necessity for purchase of new mains. Aside from this the 
National Method makes possible lower pumping costs, greater 
delivery, reduced insurance rates and clean water. 


















Before Cleaning 


* ALIDVdVD IVNIDSIVO 
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press and the Company’s house 
gan—The Pittsburgh Empire War 
Journal. ; 

The contests close on August 31 
1946. The names of the winners will 
be posted in Pittsburgh-Empj, 
Meter exhibit booths at the fall 
Water Works Conventions. 

Note: Complete details appear op 
ad, page 3, in this issue. 


Builders-Providence New 
“Flo-Gage” 


A midget differential meter to jp. 
dicate the rate of flow of liquids 
and gases through lines containing 
orifice Venturi tubes and insert nor. 
zles, that’s the new “Flo-Gage” just & 
announced by Builders-Providence 
Inc. 

This “Flo-Gage” which is 
signed to promote the efficient yt). 
lization of liquids or gases by th 
elimination of wasteful excess, wij) 
net only indicate rates of flow by 
also will indicate liquid level ang 
pressure differences. 




















The “Flo-Gage” may be used to 
measure water used in backwasb- 
ing filters and softeners, cooling 
water, fuel gas or oil, or dry a 
liquid chemicals being fed to a main 
flow by chemical feeders. 

Features of the new Builder 
Flo-Gage include accuracy, legibil- 
ity, sensitivity, little space, and: 
minimum cf maintenance. The gage 
can be furnished to measure gpm. 
ft. per min., cu. ft. per hr., ete. 

For further information write the 
Builders-Providence Co., Inc., I 
Codding St., Providence, R. I. Ask 
for Bulletin No. 360. 



























National Water Main Clea 
ing Co. Expands and 
Moves Offices 
Frank Made Chief Engr. 
and Field Mgr. 

The National Water Main Cleat 
ing Co. has recently moved to larger 
offices at 50 Church St., New York 
City. According to Clinton Inglee 
president, the company has & 
panded its services throughout the 
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western hemisphere and therefore | 


needs larger quarters. 

J. A. Frank has been promoted 
to chief engineer and field manager 
and will spend the major part of his 
time traveling for the company. 


C.F. Hauck Heads New Dept. 
at Hall Laboratories 


Announcement has been received 
of the establishment of a special 
department to handle problems of 
industrial waste 
and stream pol- 
lution by the 
Hall Labora- 
tories, Inc., of 
Pittsburgh. 
Heading up the 
new department 
will be Charles F. 
Hauck, until re- 
cently an engi- 
neer at Ravenna 
Ordnance Center. 
For five years prior to his service 
at the Ordnance Center, Mr. Hauck 
was senior chemist and assistant to 
the superintendent of the Southerly 
Sewage Treatment Plant at Cleve- 
land. 








Cc. F. Hauck 


The new department will under- | 


take the development of methods 
for treating industrial wastes eco- 
nomically, extension of the regular 
engineering service of the Hall Lab- 


oratories to include water and waste | 
leaving industrial plants, as well as | 


to study plant operation to reduce 
the volume of waste. 


Demand-Type Oxygen Mask 


Mine Safety Appliances Co., of 
Pittsburgh, Pa., has developed a 
new demand-type oxygen mask for 


respiratory protection in unbreath- | 


able atmospheres. The mask is a 


cylinder type oxygen breathing ap- | 
paratus which features simplicity | 


and ease of operation. 


One type of mask has the oxygen 
cylinder on the wearer’s back and | 


supplies oxygen for an hour; an- 
other has a smaller cylinder with 
a front sling. Further information 
may be obtained from -the Mine 
Safety Appliances Co., Braddock, 


Thomas and Meade Sts., Pittsburgh | 


8, Pa. 


Changes at Pitometer Co. 


_ Several changes in the Pitometer 
Co., New York City, have been made | 
Edward S. Cole, who de- | 
veloped the Pitometer 50 years ago, | 


recently. 












IT’S WHAT YOU 
“HAVE on the BALL” 
THAT COUNTS 








-AND IT'S PARTICULARLY TRUE 
IN MAKING VALVES 


Valves look pretty much alike. Valves, 
practically all of them, will give you pretty 
good service. Our job, as we see it, is to 
make an exceptionally good valve. We've 
been doing that for years, as hundreds of 


water works men know. 


We make a complete line of valves for water 
works service, almost all of which are read- 
ily available where and when you need 
them. Specify EDDY—and get a better 


valve. 


EDDY FOR LONGER SERVICE 












VALVE COMPANY 


WATERFORD,NEW YORK 








WaTER & SEWAGE Works, April, 1946 






























Now is the time to investigate the Tate Cement Lining process 
—and see what it can do to restore the efficiency of your old 
water mains. 


What the TATE Process accomplishes 


1. Water mains cleaned and cement- 
lined without removing pipe. 


2. Eliminates discoloration and fur- 
ther cleaning costs. 


3. Reduces pumping costs. 


4. Restores reduction in head and 
flow co-efficients. This means full 
fire protection and lowered insur- 
ance rates. 





View showing Tate Process 5. 
in Pipe Joint. Note thor- 
oughness of Lining. 


All joints cement-lined . . 
one continuous pipe. 


. just 


6. Does the job without interruption 
of service to consumer. 


TATE PIPE LININGS, Inc. 


ANDOVER, MASS. 


Write for Literature. 





| company as 





| the new president. 


| Chicago, has been named vice Presi. 
dent and western manager. 














FLANGED PIPE 


BELL. & SPIGOT PIPE 


SPECIAL CASTINGS 


SHORT BODY BELL & 
SPIGOT SPECIALS 





Large stock enables 
us to make prompt 
shipments. 


84” pipe—Spring Lake, N. J. 


—=CAST IRON PIPE 


SIZES 2” TO 84” 


Warren Foundry & Pipe Corp. 


ll Broadway. New York 














Warren Pipe Company of Mass.., Inc. 
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| wark, a subsidiary of the parent 
FLEXIBLE JOINT PIPE | COMPany. 


| parator for determining the fluoride 
| content in water. 


| pointed Manager of the Washing 
| ton, D. C. office of the Pennsylva 


| Mr. Knight will look after all com 


_ ment agencies. 


has resigned as president 


but wil 
. . ’ } 
continue his connection ™ 


10N With th 
consulting engines, 
Mr. Cole has held the position 
president of the Pitometer Co, die 
1915. 4 


Egbert D. Case, who has bee 
with the company since 1914, ina 
was formerly vice president and 
general manager, has been electe; 


E. Shaw Cole has been electa 
vice president and chief engines, 
with headquarters in New Yop 
and Cyrus R. Bird, with offices jy, 






























Wilson Heads Worthington. } 
Gamon 


Charles E. Wilson, vice presidey; 
of Worthington Pump and 
chinery Corp., Harrison, N. J, has 























been appointed president of the 
Worthington-Gamon Meter Co., Ne 


Taylor Offers Fluoride Color 
Comparator 


W. A. Taylor Co. of Balt:more, 
Md., is offering a fluoride color con- 


Color standards 
range from 0.0 to 1.6 ppm. in incre 
ments of 0.2 ppm. 


G. W. Knight Heads Penn 
Salt Washington Office 


G. Webber Knight has been ap 


nia Salt Manufacturing Co., ac 
cording to an announcement re 
ceived from the company recently. 


pany interests in the nation’s capi 
tal and will act as a clearing house 
in all Penn Salt matters involving 
both domestic and foreign govert 
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A. G. Brown Heads Vertical 










facturers | 
ith thy Pump Manu a . 
Dgineer At the recent meeting of the Na- 
ition g tional Association of Vertical Tur- 
0, Sines bine Pump Manufacturers in Chi- | 
aul Ss\ces | METER MOUNTINGS 

of the Pump Div. of Fairbanks, 
“? beer ow & Co., Chicago, was elected | 
nt Ra president. Mr. Joe Downs of A. D. FOR ALL TY PE _ OF M ETE R 
electa Cook, Inc., Lawrenceburg, Ind., was 

Te 





elected vice president. ‘ SETTINGS om any Chnate 















Clectey 
Nginee f 
a. New 
ices jz Tatman Chairman, Avery e 
> presi. President Roots-Connersville Here is a COPPERSETTER which 
; : raises the meter only 214” above 
At a recent meeting of the direc- the enceien fe tevek 





gs sages Sy enews avant It makes available to the shallow- 
a . ae ris bees est service all the important advan- 
tries, Mr. J. S. Lé é s elec 4 : ; 
chairman of the Board and John a ERSETTERS men 
Avery was elected President and 
General Manager of Roots-Conners- 
ville. Mr. Tatman has been with 











ton. 












Shown here is the plain type but 
Excellent for basements also! the valve type is also available. 


>sident 
1 Me. 
J., has 

























The 70 series is made in The 90 series provides The 80 series:is installed 
heights for raising the a flexibility in the on vertical riser pipes of 
meter from 6” to 36” spacing of connections copper or iron and is made 
John Avery J. S. Tatman above the service line. to the service line. in plain or valve types. 






f the 
., Ne 
arent 






Roots-Connersville since his gradu- 
ation from Purdue University in FORD COPPERSET TERS 
1902. He is a vice president of the | 


Compressor Air & Gas Institute. 
Mr. Avery is a graduate of the U. S. 
Naval Academy and has been asso 
ciated with General Electric Co. 





These proven and perfected meter mountings provide many advantages 
in line with the modern trend in water service engineering. They are 
easily installed but last almost forever. All-copper water passages and 
easy bends insure hydraulic efficiency. Meter changes do not disturb 





Olor 










more, and was manager of the Blower and | the physical connection of the service, insuring trouble-free meter main- 
con- Compressor Dept. of Allis-Chalmers tenance. COPPERSETTERS are made with and without valves and in 
oride Mfg. Co., before coming to Rocts- a variety of types, sizes and connections which permits perfect tailoring 
jars @ Connersville as president. to any job. 

ncre- Ask for information about COPPERSETTERS—no obligation! 







Patterson Returns to Hill, 











































nn 
e Hubbell | 
apf _ Hill, Hubbell & Co., Division of | > | 
ning. General Paint Corporation, Cleve- 
va @ and, Ohio, has announced the re- | FORD M ETER BOX 2 
ge ‘urn of Bryan Patterson to their 

. staff as Pipe Line Corrosion En- 
ntl. Sineer. Patterson returns after a CO Mi PAN VY i AY C 
-om- @ {0Ur-year wartime leave of absence. « ee 
api: Shortly after the war began, Pat- 

ous ‘'Son was loaned by Hill-Hubbell WABASH, INDIANA 
ving °° the U. S. Engineers for special 

ern @ @rtime expediting and emergency 

service. During the four years of 
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DAMS, TUNNELS, SEWERS 


Specify 


. b 2 PRECISION 


to close tolerances. It includes: 
Moisture Determination, Test made in 


and automatic. 
Graphic Record, showing the delivered weight 
all weighing errors, and 
inspectors. 


no FEET LIRITILILILL 


insures 


Reduces inspection cost. 


one minute. 


delivery 


CONCRETE 
CONTROL 


4 
SC Control provides fast, accurate concrete batching which controls the variables 


of specified quantities. 





you what [SC]* 


mix plants. 


CONTROL has done for small and large projects and ready- 
Write today for full information. 


SCIENTIFIC CONCRETE SERVICE CORPORATION 
724 Salem Avenue, Elizabeth 3, N. J. 


A test for every batch when necessary. 
Moisture Compensation, for moisture content of aggregates. Compensation is instantarfeous 
No calculations, tables or charts necessary. 

>f each ingredient in every batch. Reveals 
Valuable aid to 











RODNEY HUNT 


GATES and HOISTS 


Metal or timber sluice gates of 
all sizes and designs, approved 
by engineers everywhere. Im- 
proved gate stands and hoists for 
hand or motor operation. Also 
flap and mud be sy shear and 
filler gates, trash racks and rakes. 
Dependable canal equipment 
from dam to tail-race since 1840. 


Write for Special Catalog Today! 


RODNEY HUNT MACHINE CO. 


118 Lake St., Orange, Mass., U. S. A. 














nd WATER TESTS 
lhews nothing like 


GLASS COLOR 
STANDARDS 





Permanent reliability of Hellige Gloss Color Stan- 
erds, accuracy of color comparison, simplicity of 
the technique, and pact of the apparotus 
ore exclusive features of Hellige Comparators not 
found in any similar outfits. 





WRITE FOR BULLETIN No. 602 - 


HELLIGE 


INCORPORATED 
3718 NORTHERN BLVD. LONG ISLAND CITY 1, N.Y. 
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wartime developments, Patte 

carried out some highly interest 
emergency engineering work « . 
as he is known to gas and oil vd 
construction engineers, looks - 
ward with much enthusiasm to ni 
expansion of Hill-Hubbell fagjji 
for pipe corrosion production, ¥ 
Patterson will have charge of 2 
Hill-Hubbell engineering SErVicg, 
in the Western states. | 


A. J. Olson Link-Belt’s K¢ 
Manager 


Arthur J. Olson, formerly distrie 
sales engineer for Link-Belt at (y: 
cago, has been appointed distri. 
sales manager at Kansas City, yy 
to succeed Max Giffey, who resigng 
after 40 years’ service with the oo, 
pany. Mr. Olson has been with th, 
Link-Belt Co. since 1918. For ty 
past 20 years he has specialized » 
equipment for the meat packing ay 
allied industries. 

With Mr. Olson in the Kans 
City office will be J. Arthur Tow. 
send and Leroy C. Rathsam, distric 
sales engineers. 


Over 225 P. F.T. 
Floating Covers in 
War Service 
The health of our fighting men al 


war workers is being safeguarded bj 
modern sewage disposal plants. 
are doing our part by delivering « 
time P.F.T. Floating Covers and othe 
sewage treatment equipment. 


The P.F.T. Floating Cover for sing 
and stage digestion hastens the digs 
tion process, and provides for utiliay 
the sewage gas to heat water for & 
digester tank. a ee 


Catalog No. 232 
contains complete 
information, in- 
cluding specifica- 
tions. Write for 
your copy. 


Se ad 


PACIFIC FLUSH-TANK CO. 


f F T 4241 Rerenowess Ave., 
of e Be New York Charlotte, %. 
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to serve the states of Texas, New | 











vite Simpson — soon Mexico and Arizona. Col. S. O. Tay- | 
irk _ wit - ue . lor will be in charge, having re- 
d oil at J. W. “Bill” Simpson, Vice Pres. turned recently from three years 
ooks’ is charge of Sales for the Mueller service as Executive Officer at Pat- 
sm to 4 Co, Decatur, Ill., was recently hon- terson Field, Dayton, O. Prior to 
facili pred at & special event in recogni- the war Col. Taylor was in the St. 
sion . tion of his 45 years service to the Louis branch of the company for a 
- th “Bill” Simpson, who is  yumber of years. 





company. 
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t at Chi. 











distriy 

ity, My 

re vas and plumbing trade, began his 

ith tr grvice to the Mueller Co. in 1899 
 -»* * boy barely out of 

For ui @ messenger boy urely 





school. During his 45 years with the 
company, Mueller Co. has expanded 
from one small plant in Decatur to 
six large plants, including branches 
in Chattanooga, Los Angeles, and 
Sarnia, Ontario. 





lized 
cing anj 
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r Town. 
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New Micromet Feeder 

Calgon, Inc., of Pittsburgh has 
announced the development of a 
new feeder for Micromet to be used 
in home water supply lines. Micro- 
met is not a water softener, but is a 
vitreous phosphate with slow dis- 
solving action which eliminates red 
water troubles, corrosion, and 

















scaling in domestic hot water sys- 
tems. To protect the water system, 
the feeder is placed on the water 
inlet to the home and completely 
filled with two pounds of Micromet 
This installation will require a re- 
charge of one-half pound of Micro- 
met a month. 















Solvay Opens Southwestern 


Branch 
Solvay Sales Corp., has estab- | 
lished a new office in Houston, Tex., | 





x 





yidely known throughout the water, 








Philadelphia Quartz 
Appointments 


The Philadelphia Quartz Co. has 
announced the advancement of John 
C. Russell to the position of Sales 
Manager. Mr. Russell has been as- 
sociated with the company since 
1924, and has been Assistant Sales 
Manager since 1942. Mr. Russell js 
also Secretary and Director of an 
associate company, the American 
Doucil Co., manufacturers of syn- 
thetic zeolites. 

Carl F. Wolcott has been named 
Manager of Foreign Sales and is 
also Employment Manager of the 


company. 

Other appointments include Rus- 
sell J. Emmons, Industrial Relations 
Manager and John H. Wills, Assist- 
ant Patent Manager. 











What are your customers 
saying about CHLORINE 
TASTE? 


Virginia's ‘‘ESOTOO”’ 
will eliminate it. Write for 


complete information. 


VIRGINIA 


PANY 


RAGIN | 








SMELTING COM 
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with this 


POPULAR 
PIPE 





Hundreds of progressive commu- 
nities are using ORANGEBURG PIPE 
because it assures long, trouble-free 
service, is easy to handle and in- 


| stall, does not corrode or tubercu- 
| late, is connected with TAPERWELD 


Joints which require no joining 


| compound, and offers many other 
| superior features. 
non-metallic, non-rigid pipe is 
widely and successfully used for 


This 


modern 


| @© House-to-Sewer Connections 


® Conductor and Irrigation 
Lines 
® Industrial Drainage 


® Septic Tank Filter Beds 
(Perforated) 


® Foundation Drains 
(Perforated) 


Write for bulletins giving physical 
and chemical characteristics and 
other interesting data. THE Fipre 
Conpbuit Company, Dept. W WS-10- 
45, Orancesure, N, Y, 


ORANGEBUR 


The Root-Proof Pipe 



























CONTACT 


LAKESIDE ENGINEERING 
CORPORATION 


Chicago 6 Illinois 
222 West Adams St. 






















FOR 


WATER SOFTENING by the 
Zeolite or Lime-soda methods. 


WATER FILTERING to remove 
Suspended solids, color, odor or 
taste. 


SEWAGE TREATMENT by the 
Aero-filter which offers all of the 
advantages of other types of 
trickling filters plus better mo- 
mentary distribution. 


Spiraflo Clarifier for improved 
clarification, including scum and 
oil removal. 










































FOR INFORMATION 


WRITE 
- ——— 














AERATOR— 
MIXER 


A Size and Type to 

Fit Your Problem in 

Water or Sewage 
Treatment. 






WRITE FOR INFORMATION 
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throughout 


| G. D. Lain Research Engineer 
_ Am. Iron and Steel Institute 


| George D. Lain has been appoint- 
ed research engineer of the Com- 
| mittee on Steel Pipe Research of the 
American Iron and Steel Institute. 
The Committee carries on industry- 


wide research and development of 


| the use of steel pipe. 


——a 








Mr. Lain, a graduate of Carnegie 
Institute of Technology, was re- 
cently production manager of the 
Consolidated Machine Tool Co., Ro- 
chester, N. Y., and has had broad 
experience in the pipe field. He 
served as industrial and research 
engineer with the A. M. Byers Co. 
of Pittsburgh from 1916 to 1925. 

From 1925 to 1938 he was with 
the Reading Iron Co. in various 
technical and operating positions, 
and became general superintendent 
of tube works. Mr. Lain’s experience 
also has included production, main- 
tenance and executive positions 
with other steel producers. 


Metcalf at Pittsburgh- 


Des Moines Dies 

Walter H. Metcalf, contracting 
engineer for Pittsburgh-Des Moines 
Steel Co., died suddenly on Febru- 
ary 19. Mr. Metcalf, whose home 
was in Des Moines, was well known 
Iowa and the middle 
west for his work in the water 
works field and as a veteran of 24 
years of service with the company, 
for whom he had contracted many 
large all-steel water tanks and tow- 
ers. Mr. Metcalf had been with the 
company since his graduation from 
Iowa State College in 1922. 








Barber Represents Hooker 


in N. Y. and Penna. 
Neil M. Barber has been assigned 
to the Hooker Electrochemical Co. 
sales staff to cover the territory com- 
prising upper N. Y. State and Nor- 
thern Pennsylvania. His headquar- | 
ters will be at Niagara Falls. A | 
graduate of Dartmouth University, 
Mr. Barber has spent a number of 
years in the Niagara Falls plant of 
the company and more recently was 
engaged in sales development work. 





FINE SCREENS > 


FOR 


SEWAGE TREATMEN} 












ADVANCED DESIGN 
AND CONSTRUCTION 
COMPLETE INSTALLATIONS 








THE NEW 


M. T. 
SCREEN 
PLATE 






F 
Ury Step 








ROLLED OR EXTRUDED 
AT THE MILL IN STAINLESS 
STEEL OR “EVERDUR” 
HIGHER STRENGTH 
HIGHER EFFICIENCY 
LOWER COST AND UPKEEP 








M. T. SCREENS IN LARGER SIZES ro 
WATER FILTER BEDS—NO 
SIZES OF GRAVEL OR OTHER Filip 
MATERIAL REQUIRED—CLEANING AN 
BACK-WASHING SIMPLIFIED. 








SANEQUIPMENT ENGINEERING 
2843 WHITEWOOD AVE. 
ANN ARBOR, MICHIGAN 
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———— 


Accurate 


POLY PHOSPHATE 


Determinations 


in 20 MINUTES! 


. 3 









Using the Taylor Poly Phosphate Com- 
parator, it’s easy. Simply convert the 
polyphosphate to the orthophosphate 
(15 minutes’ boiling time) to deter- 
mine the total phosphate present. A 
fast determination on a cold (not 
boiled) sample gives orthophosphate. 
The difference is the polyphosphate 
It’s as easy as that! And it’s accurate 
. » for all Taylor Liquid Color Stand- 
ards carry an UNLIMITED GUAR 
ANTE&E AGAINST FADING. 
Complete Poly Phosphate 
Set—with carrying 

OE  cxiccsreenacas $19.00 
See your dealer today, or 
write direct for new 88 
page book, “Modern pH 
and Chlorine Control.” 


W. A. TAYLOR “: 


7308 YORK RD. + BALTIMORE-4, ' 
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proportioning Pumps 
Just off the presses, is Bulle- 
sin No. 242, on Chemical Treatment 
of Water with Wilson Pulsafeeder 
REEN | proportioning Pumps, issued by the 
‘B® manufacturer, the Lapp Process 
' Equipment Div. of the Lapp Insu- 
lator Co., Inc., Leroy, N. Y. Besides 
pictures of the different types and 
models of the Wilson Pulsafeeder, 
the bulletin contains information 
on the application of these chemical 
feeders to water sterilization, 
wwimming pool treatment, boiler 
water treatment, threshold treat- 
'B ment, sewage treatment, and water 
SE coagulation. 
ZES Fo, A diagram shows the inner work- 
LARGR|B ings of the feeder with a descrip- 
tion of the several advantages to be 
obtained by this design. These in- 
B clude especially built check valves, 
se § hydraulically-balanced diaphragm 
ERING © valves, oil relief valves, vacuum re- 
lief valves, micrometer stroke con- 
trol, and double-cam_ eccentric 
gears. Two pages of the bulletin are 
devoted to diagrams of installations 
of typical applications. These in- 
clude pumped water supply, grav- 
TE ity water supply, swimming pool 
| water, and sewage treatment. This 
new Bulletin No. 242 may be ob- 
tained from the Lapp Process 
y! Equipment Div., Lapp Insulator 
Co., Inc., Leroy, N. Y. 





Lubricated Plug Valves 


Just issued by the Walworth Co., 
a four page folder No. 4-F, Rev. 2 
explains and illustrates Walworth 
Lubricated Plug Valves, Class 125, 
with pressure Sealed Lubrication. 
These Class 125 lubricated plug 


ra valves were designed to meet the 
ate demand for an inexpensive valve 
7 incorporating the principal features 
0 of the regular pattern lubricated 
te plug valve. The flanged patterns 
- have the same face to face dimen- 
k sions as standard wedge or double 


disc gate valves. The folder shows 
several different designs and style 
of valve. Also included in the fold- 


8 er is a list of recommended service | 


lubricants for the Walworth lubri- 
cated plug valves. This folder No. 
4-F Rev. 2, on these valves may 
be obtained from Walworth Co., 60 
rs 42nd Street, New York 17, 





( “GUNITE” CONTRACTORS 





EMENT GUN COMPAN 











































RESERVOIR REBUILT WITH “GUNITE” 


Shown above are “before” and “after” pictures of a twin reservoir at Saranac 
Lake, New York, which we lined with reinforced “GUNITE” in 1928. The 
original reservoir was partially lined with rip-rap, leaked considerably, and was 
very difficult to clean. The “GUNITE” lining converted this structure into a 
modern sanitary reservoir, with no leakage, which can be cleaned quickly 


and easily. . 
Our 72 page bulletin C2300 describes many reservoir jobs 


and other types of ““GUNITE” work. Write for your free copy. 


MANUFACTURERS OF THE ‘CEMENT GUN’ 








W's a Clear and Clean Proposition 


GOOD WATER maxes 


SATISFIED CUSTOMERS 
You can win and hold the a 


good will of your public by 

standardizing on Hydrodarco ee a 
for water purification. [his spe- ‘ H 
cial activated carbon eliminates 
odors and bad-tasting impur- 
ities with absolute dependabil- 
ity at surprisingly low cost. 















DARCO 


CORPORATION 


60 EAST 42ND ST., NEW YORK 17, N.Y. 
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THE 
PANGO ACCURATE SEWA 


sewage treatment. 


Always works, and at any level. 
sample. 


1461 Belfield Ave. 


G 


« SAMPLER 


Takes the Guesswork Out of Sewage Treatment 


An accurate method of sampling tank liquids at fre- 
quent intervals is essential to effective control of 


PANGO is simple to use, foolproof and inexpensive. 
Always obtains a true 
Through its use, pumping and fuel costs are 
reduced enough to pay for the Sampler in one month. 


DRAKE MANUFACTURING COMPANY 


Philadelphia, Pa. 






























































Inertol 





























Protection 
Means Lowest Cost 
































PerYear 















































INERTOL COMPANY: 








NEWARK 5, NEW JERSEY and SAN FRANCISCO 7, CALIFORNIA 









SALES 


STEAM AND WATER TYPES 


FOR DIGESTER HEATING 


MEATING -_ PLUMBING 


OFFICES IN ALL 


American-Standard Gas BOILERS 


cit 


SEE DATA PAGE IN ANNUAL REFERENCE SECTION 


Anerican- Standard 


American Radiator & Standard Sanitary Corporation, Pittsburgh 30, Pa. 


PRINCIPAL 





Baltimore 








STUART-BRUMLEY CORP, 


$16 North Cherles St 
Maryland 
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USE 
ACTIVATED 
ALUM 
and 
BLACKALUM 








Box 3277 Terminal Annex 
3104 Michigan Avenue 
622 Broadway 

10! Park Avenue 


| 6 Beacon Street 
' 


4 


—-_—> 
*.SPARLIN 


we, ~SPARLING | 


Water Measuring Equipment 


Consistent Accuracy 
Ease of Installation 

and Maintenance 
Low Pressure Loss 


iene es 
4 


LOS ANGELES 
CHICAGO 
CINCINNATI 
...NEW YORK 
BOSTON 





| Unusual Water Tanks 


New water tanks of Unusual &, 
sign that are serving Wars 
Winona Lake, Ind., are exej 
usual interest to passersby, 
ing to the story in the Janus 
1946 Water Tower issued by mn 
Chicago Bridge & Iron Co, The 
adjoining municipalities are Serve, 

by the Northern Indiana Pyyj 

Service Co., which has install 





QW, ani 
ting w. 
ACcord. 

















Ca! 








ame \ 


Wri 





these new type conispherical str» 
tures supported on sloping cylip. 
drical columns that come togethe 
at the top and are welded to th 
tank bottom. One of the tanks ; 
shown in an accompanying ily 
tration. This larger tank of 250, 













gal. capacity is installed on th 
Warsaw water distribution sysig 
and is 40 ft. in diameter with 34 
ft. water depth. The four supp 

ing columns are 4% ft. in diamélp 
and the central riser is 4 ft. n# 
ameter. There are no outside 
ders on the structures. Accesi 
the balcony, roof and inside of & 
tanks is provided by means @ 
rungs installed inside one of & 
sloping columns and a vertical @ 
inder or access tube extending ffm 
the top of this column, through ® 
water in the tank, to the roof m 
hole. This is a desirable feature 
the sloping columns are easier’ 
climb than a ladder on a vert 

or almost vertical column. The 
ter Tower is issued by the Chica 
Bridge & Iron Co., under the @ 
torship of Milo E. Smith, andy 
published at 2421 McCormick Bi 
Chicago 4, Ill. F 





































| Testing Plugs 


| “Stop!! Stop What? Any Size 
| Kind of Pipe. How? Easily 
Quickly with the Original Cli 
| High Pressure Testing Plugs. 
merly made by the C. M. Kemp 
| Co., Baltimore, now exclusively m 
ufactured by the Richmond Fout 
& Manufacturing Co. of Richmomé 























a 


Cast Iron 


ICH 


RICHMOND 20 





CLIMAX 
High Pressure 
Test Plugs 


for 


& Steel Pipe 


For Bell & Spigot 
Cast Iron Pipe. 
Simple operation. 
All sizes carried 
in stock. 


These plugs valuable 
for testing steel pipe 
lines. A complete 
set of both types on 
your repair trucks 
will prove a good in- 
vestment. 


Write today for complete information 


THE 


FOUNDRY & MANUFACTURING CO. 


INC. 


1200 Hermitage Road 


VIRGINIA 








NSTALLATIONS 


WORLD WIDE 


Catologue 


IOWA 


LARGEST 
othe an ie) 
SMALLEST 
VILLAGE 


Pia Me laliclaul hall! 


VALVE CO. - 


General Offices: 


Hubbel Bldg. 


Osha 


_ Des Moines, lowa 


Plant: 


loosa, lowa 


| Va.” Thus reads the first page of a 

| four-page folder on the subject of 

| Climax testing plugs. These high 

| pressure plugs for bell or spigot ends 
of cast iron pipe or steel pipe are 
made for the purpose of plugging 
pipe lines that are to be tested. The 
company also makes a gas main plug 
and a low pressure plug, the latter 
in 7, 8, 9, 10 and 12 inch sizes. 

If you are planning on laying and 
testing any pipe line, we suggest you 
write to the Richmond Foundry & 
Manufacturing Co. for this folder 
on testing plugs. 





Gardner-Denver Products 


When we were a young man oper- 
ating a filter plant, little did we 
know that the governor XX on the 
Corliss steam engine which ran our 
pumps was the result of an inven- 
tion of R. W. Gardner who founded 
the company later to become known 
as the Gardner-Denver Co. 

The story of this company, its ori- 
gin, and its present organization, 


products, markets, etc., is interest- | 
ingly told in a well illustrated bro- | 


chure issued by the company, en- 


titled Gardner-Denver Since 1859. | 
While only a smal] part of. the bro- | 


chure is devoted to pumps, the entire 
booklet is of interest to any person 
furnishing water to the oil industry, 


industry, as well as many manufac- 
| turing processes. 

The brochure may be obtained 
from the Gardner - Denver Co., 
Quincy, IIl. 








| Sludge Pumps 


| 

One of the things that add to the 
readibility of catalogs or bulletins is 
a well organized photographic essay 
on some phase of production problem 
about which the catalog is concerned. 
A good example of this is the pro- 
| duction story of the Carter sludge 
pump, as given in Bulletin No. 4502, 
Plunger Sludge Pumps, issued by 
the Ralph B. Carter Co., of Hack- 
ensack. From the first welding arc 
struck on the pump chassis to the 
careful overall prime coat on the 
finished job, pictures with notes 
follow the production of a Carter 
sludge pump in its travels through 
the Carter factory. This particular 
bulletin also contains detailed spe- 
cifications of the standard type and 
“Balto” type sludge pump, as well 
as a diagram showing exclusive 
Carter sludge pump features. 

Bulletin No. 4502 may be had by 
writing Ralph B. Carter Co., Hack- 
ensack, N. J. 











the mining industry, or the railroad | 


CHLORINATORS 





Every pool owner 


Send for Bulletins #300-1, 300-3, 
on CHEMCO CHLORI- 


information 


complete 


for 


should know of the remarkable economy made possible by ex- 
NATORS. 


ming pool with CHEMCO Chlorinators, ensures clean, healthy 


Efficient, continuous. automatic sterilization of water in a swim- 
water throughout the entire pool ALWAYS. 


Part of a shipment of CHEMCO Chlorinators for the United 


States Government. 
clusive CHEMCO features. 


300-5 


CHEMICAL 
EQUIPMENT CO. 


Main Office & Pastorys 223 Center St., Los Angeles 54. 


ate | 


4 -< “) 
‘a §} 


REPRESENTATIVES IN PRINCIPAL CITIES 


| | 
‘She Eh 
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...Prevent Tank Rusting 








Modern, service- 


proved Rusta Restor method...using safe, 
low voltages...gives lasting protection... 
for the cost of just one good paint job. 
® Your tanks too can get lasting protection 


against rusting with Rusta Restor. 


Not a 


“magic”, but the thoroughly proven cathodic 
(i. e. electrical) process, Rusta Restor maintains 
the tank in an “electro-negative” state that 
prevents rusting. Modest in first cost . . . Uses 
the current of only one light bulb. 


RUSTA RESTOR 


A DIVISION OF 
THE JOHNSTON AND JENNINGS COMPANY 





The ORIGINAL 
and FINEST.... 


Manhole Cushion U. S. Pat. No. 
2,050,050 offers you the 
simplest solution for noisy. 
rattling covers. Easy to 
install. Lasting — Eco- 
nomical. 

Write for story of Tapas 
and Trial Offer. 














TAPAX MFG. CO., INC. 
NEW YORK 


MAMARONECK 


861 ADDISON ROAD « ¢ CLEVELAND 14, OHIO 


REPAIR and § 


Water Meter 
Measuring Chambers — 


with the 
MEMPHIS SLOT INSERT 


of stainless steel with new 
thrust roller, 


For further information ond 
5%” samples 


address 


METER SPECIALTY Co, _ 
1332 N. Seventh St. Memphis, 

















COPPERAS 


(Ferrous Sulphate) 


LIQUID CHLORINE 


100 lb. and 150 lb. cylinders 
New York Metropolitan Area 
deliveries. 


E. M. Sergeant Pulp and 
Chemical Co., Inc. 


7 Dey Street, 
New York 7 





DIAPHRAGM PUMPS 


Hand Sizes 2”, 244”, 3”, 4” 
Power Sizes 3” and 4” 
Open Discharge or Force Pump 
Edson Special Suction Hose 
Red Seal Diaphragms 
Strainers and Foot Valves 
Hose Spanners—Adapters 


THE Epson CorporATION 


Main Office and Works: 49 D St. 
South Boston, Mass. 


New York: 142 Ashland PI., Brooklyn 








Sales Representatives Wanted 


A nationally known manufacturer of mechanical 
equipment for water and sewage treatment is de- 
sirous of establishing connections with experienced 
organization inter 


For complete infor- 


mid-western engineering sales 
ested in selling our products. 
mation address Box 2011 Water & Sewage Works, 


155 E. 44th St., New York 17, N. Y. 

















ANTHRAFILT 


A Filter Medium For 
All Purposes 


ANTHRACITE EQUIPMENT CORP. 


101 Park Ave. New York 


All correspondence regarding sales and 


engineering should be addressed to 


PALMER FILTER EQUIPMENT CO. 


822 E. 8th St. Erie, Pa. 


Engineers and Sales Agents 
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POSITION WANTED 


As chemist and bacteriologist or manager of a small 
or medium sized water works. Thoroughly qualified, 
22 years’ experience. Technical courses in electrical 
engineering, water purification, water supply, water 
softening, hydraulics and chemistry. Nine years part 
time work at evening engineering school. No degree. 
Good worker and organizer capable of get'ing alovg 
with others. Box 2009. Water & Sewage Works, 330 
So. Wells St., Chicago 6, Ill 





Write today for actual 
histories of plants now 
the ideal ferric coagulant, © 


TENNESSEE CORPORATION 


Atlanta, Georgia Lockland, 0} 





BAILEY METERS 
AND CONTROLLERS 


FOR SEWAGE TREATMENT 
AND WATER SUPPLY... 


@ Venturi Tubes, Wel, 
Fiumes, Nozzles and other 
primary elements; Mechanic 
ally and Electrically operat- 
ed Registers and Complete 
Automatic Control Systems. 





BAILEY METER COMPANY 


1072 IVANHOE ROAD e CLEVELAND, 0. 
Balley Meter Co. Ltd., Montreal, Canadas 




















EQUIPMENT FOR RENT 


Have almost complete chemical-bacterio- 
logical laboratory. Would like to put it to 
use with professional services assisting 
manufacturing or engineering firm. Could be 
moved and reassembled. If moved, prefer 
East. Box 2110, Water & Sewage Works, 
330 So. Wells St., Chicago 6, Ill. 











FOR SALE 


One mechanical sewage disposal aerator, manufac- 
tured by American Well Works. Consists of draft 
tube, mixing well with baffles, diffuser, non-clogging 
screw impeller and vertical 15 horsepower electric 
motor. All electrical equipment included. In very 
good condition Used very little Address inquir- 
ies to Louis Belscamper, City Engineer, Lancaster, 
Wisconsin 

















GASKET AND FORM 
The Perfected Method for Makin 
Sewer Pipe Joints of Ce 


@ No jute used—gasket centers spigot. 
@ Definite space in each joint for cement. 
@ Form confines cement-grout to lower 
of joint. 
@ Particularly advantageous in water- 
trenches. 
@ Infiltration minimized. 


Ll. A. WESTON Adams, 














Lile)® 


d, Ob 


cET A SIMPLE 
FIRE HYDRANT 


While MUELLER- 
COLUMBIAN Fire 
Hydrants are expert- 
ly designed — with 
features no other 
hydrant possesses, 
they are basically 
very simple in con- 
struction. The large 
oversize barrel has 
no obstructions to 
impede a_ fast, full 
flow of water. No 
bulky. hard-to-get- 
at levers, springs, or 
mechanisms. Simple 
dual bronze-bushed 
drain valves keep 
the barrel dry. The 
highly effective self- 
oiling top is fully 
automatic and 
needs little atten-, 
tion. The practical 
safety -flange fea- 
ture protects the hy- 
drant from expen- 
sive traffic damage. 
You won't find a 
better hydrant than 
Mueller-Columbian. 


MUELLER CO. 
CHATTANOOGA 1, TENN. 


ECATUR, ILL. 


LOS ANGELES, CALIF. 


























BURIED PIPE AND 
CABLE FINDER | 


16 PAGE BOOKLET 
FREE UPON REQUEST 


FISHER RESEARCH 
LABORATORY 


Palo Alto, California 








‘Deep Well Pump 


Not all of the water supplies for 
military uses during the past war 
were portable units or moderately 
deep wells for that matter. Accord- 
ing to a story in the Jan.-Feb. ’46 is- 
sue of Fairbanks-Morse News, the 
water supply on Wahiawa in the Ha- 
waiian chain was a thousand feet 
down through flint-hard volcanic 
rock. How the F-M engineers solved 
this problem of water supply is 
briefly told in the following excerpt 
from the story in the F-M News: 

“The engineers decided on a 59- 
stage vertical turbine pump to meet 
the hydraulic requirements. Instead 
of placing the entire pumping unit 
at the bottom of the shaft, the sys- 
tem was divided into three smaller 
units—one at the bottom (some 940 
feet from the motor that runs it), 
another midway and the third at the 
surface. 


1. 125hp vertical motor is 
direct-coupled to shaft of Po- 
mona turbine pumps at (4) 
and (5), and V-belted to shaft 
of Pomona turbine booster at 
arrow (2) 


|||, 2. S-stage booster delivers 
* 275 gallons of water per min- 
|| ute to @ tank 100 feet above 

| pump level. 


3. Single drive shaft turns in- 
termediate pump (4) at 500- 
foot level and alse bottom 
pump (5) at 940-foot level. 





4. intermediate pump is 31- 
stage 10-inch water-lubricated 
turbine. 





5. Bottom pump is 23-stage 
turbine operating at water 
level and lifting 440 feet to 
intermediate pump. 


“By dividing the job, the size of 
the drive shaft and column pipe was 
substantially reduced because only 
a portion of the total power required 
|for the pumps now had to be trans- 
|'mitted the full depth of the hole. To 
further reduce loads on the main 
shaft and also increase flow clear- 
ances, the top pump was set off to 
one side on. its own drive shaft and 
powered by a belt drive from the 
very same motor that handles the 
other two pumps.” 








‘LEADITE, 


4 Pioneer Self Caulking Material for C.1 Pipe 
MADE TO 


MEET 
a 
NEED 


Even though LEADITE may cost 
slightly more, it is economical to 
use, because LEADITE: Is light in 
weight, meaning less shipping and 
handling costs. . . . Melts at a low 
temperature, thus saving fuel and 
time. . . . Requires no caulking, 
thus saving more time. . . . Elimin- 
ates digging large bell holes. . . 
Reduces costs in 

pumping wet 

trenches. And © 

Users find LEAD- 


ITE easy to 
handle, 


Write for 


Literature 


THE LEADITE COMPANY 


Girard Trust Co. Blidg., Philadelphia 2, Pa. 








©OFCC 1945 


Replaces “old fashioned” 











Methyl-Orange Indicator 
es and literature available upon reque 


FLEISHER. CHEMICAL COMPANY 
Benjamin Franklin Station 
Washington 4.D.C 
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ALBRIGHT & FRIEL, INC. 


Consulting Engineers 


Water, Sewage and Industrial Waste Prob 
lems — Airfields, Refuse Incinerators, 


P Plants — Industrial B 
Gy Famine - hepests - Velonions 
Laboratory 
1520 Locust Street, Philadelphia 2 


Consulting Engineers Since 1897 


Waterworks, Light and Power, Sewerage, 
Reports, signs, Appraisals, 
Rate Investigations 


Kansas City. Mo., 107 West Linwood Blvd. 




















Harrisburg, Pa New York, Ry 
ENGINEERS 
Water Works, Sewage, Industrial Weates; E 
Garbage Disposal—Roads, Airports, ts, Bridoy fal Surveys 
& Flood Control. Town Planning, Appratiaay ra 
Investigations & Reports. Ope 
Box 257 











Aivord. Burdick & Howson 


Engineers 


Charles B. Burdick 
Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, Flood Re- 
lief, Sewerage, Sewage Disposal, Drainage, 
Appraisals, Power Generation 


Civic Opera Building Chicago 


THOMAS R. CAMP 


Consulting Engineer 
6 Beacon Street, Boston 8, Mass. 


Water Works and Water Treatment; Sewer- 
age and Sewage Treatment; Municipal and 
Industrial Wastes; Investigations and Re- 
ports; Design Supervision; Research 
and Development; Flood Control. 


I. M. Glace 


Consulting Sanitary Engine, | 


WATER SUPPLY AND P 
SEWERAGE AND SEWAGE THEA, | 





Specializing in Water Quality Wa. S. 

Problems Sewerag 

Telephone 1001 North Froug ify 
6.0407 he i 

















Michael Baker, Jr. 


The Baker Engineers 
CIVIL ENGINEERS AND PLANNERS 
MUNICIPAL ENGINEERS 


Airport Design—Sewage Disposal Systems 
Water Works Design and Operation 
Coneulting Services - Surveys and Maps 


HOME OFFICE—ROCHESTER, PA. 


The Chester Engineers 


Campbell, Davis & Bankson 


Water Supply and Purification, Sewerage 
and Sewage Treatment, Power ———. 
ment and Applications, Investigations ‘and 
Reports, Valuations and R 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


GREELEY AND HANSEN } 


Engineers 


Samuel A. Greeley 
Paul E. Langdon 
Thomas M. Niles 


Paul Hansen ona 
Kenneth V, Rj 





Samuel M. Clarts Water, 
Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposa Atrfi 
220 S. State Street, Chicago 4 
180 Broadway. New York 7 











W. H. & L. D. BETZ 


CONSULTANTS ON ALL 
WATER PROBLEMS 


Process, Boiler and Municipal Water © 
Waste and Sewage Treatment @ Consul- 
tation @ Design @ Analysis 


PHILADELPHIA 24, PENNA. 





Collins Engineering Company 
—Consulting Engineers— 


Water Supply, Purification, Sewerage, Sew- 
age Treatment, Refuse Disposal, Industrial 
Wastes, Street Paving, Storm Drainage 


326 Arnote Building 314 Gilbert Building 
McAlester, Oklahoma Ardmore, Oklahoma 


Havens and Emerson 


L. Havens 


A. P ag Burger 


Wastes, 


Leader Building 
Cleveland 14 


F. C. Tolle” 
Consulting Engineers 


Water, Sewage, Garbage, Industrid 
Valuations — Laboratories 


Emerson 
F. W. Joon 


Woolworth 
Now York! 

















Black & Veatch 


Consulting Engineers 

4706 Broadway, Kansas City, Mo. 
Sewerage, Sewage Disposal, Pe ae Supply, 
Water Purification, Electric hting, Power 
Plants, Valuations, Special “investigations 


EB. Block and een E Ve a 


; med 4 a 
F. M. Veatch RE . Lawrence 
E. L. Filby ]. F. Brown 








DE LEUW. CATHER & COMPANY 


Sewerage 
Highways 
ations—Bridges—Subways 
al Transportation 


Water Supply 
Railroads 


Grade Se 





Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


20 North Wacker Drive Chicago 


Hayden, Harding & 
Buchanan 
Consulting Engineers 


John L. Hayden 
John H. Harding 


Gordon E. Machel 
Oscar J. Campic 


Waterworks, Sewerage, Civil, 


Mechanical, 


662 Park Square Building. Boston, Ma 











BOGERT-CHILDS 


ENGINEERING ASSOCIATES 
CONSULTING ENGINEERS 
Clinten L. Bogert Fred S. Childs 
Howard 3}. Carlock Arthur P. Ackerman 
John M. M. Greig Robert J. McCarthy 
Water Suppl ly and Purification 
Sewerage and Sewage Treatment 
Flood Control and Drainage 
Refuse Disposal 
City Planning—Investigations—Reports 
624 Madison Avenue, New York 22, N. Y. 





FAY. SPOFFORD & THORNDIKE 
Engineers 
Charles M. Spofford 
= Ayer Carroll A. Farwell 
Bion A. Bowman Ralph W. Horne 
Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment—Airports 
—— and — 
aluations 
“Bapervisten of Construction 
Boston New York 





Charles Haydock 


MU 
Ce 
Bacteri 
By eral 
Recomr 
Capers 








927 Fi 





Parson: 
Consulting Engineer 

Water Works and Sanitation, im Taflic F 
Wastes, Design, Construction, Operations "ae 
Management. Reports and Valuations. - 

COMMERCIAL TRUST BUILDING 
PHILADELPHIA 2 Call 
Edifi 








Buck, Seifert and Jost 


Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 


Water Supply, Sewage Disposal, Hydraulic 
Developments, Reports, Investigations, Valv- 


ations, Rates, Desi Construction Opera- 
tion. Management, emica] and Biological 
ratories 


112 East 19th St. New York 























Edward A. Fulton 


Consulting Engineer 

Investigations, Reports, Valuations, 
and Construction—Water Su ely and eens 
cation Plants, Sewerage and Sewage Treat- 
ment Works; Municipal Paving and Power 

Developments. 

3 So. Meramac Ave. 

St. Louis, Mo. 











JONES & HENRY 


Formerly H. P. JONES & CO. 


Harvey P. Jones 


Consulting Engineers 











Thomas B. F 







yz Designs, Supervision, Valuatio 


ae 

-~{ — ae 
Sewage Treatment 
Security Bldg. 







Refuse Disposd 
Industrial 
Flood Control 
Toledo 4, 0 
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Morris Knowles, Inc. 


Engineers 






Purification, Sewerage 
watet Supply ame al, Valuations, Labora- 


tory, City Planning 
i312 Pork Building. Pittsburgh. Pa. 






The Pitometer Company 
Engineers 


Water Waste Surveys, Trunk Main 
Surveys, Water Distribution Studies 


Penstock Gaugings 
New York, 40 Church St. 


Benjamin L. Smith & Associates 
Engineers 
(Formerly Whitman and Smith) 
Investigations — Reports 


Designs — Supervision — Valuations 
Municipal Engineering and Public Utilities 


1l North Pearl Street 
Albany 7, New York 














CHARLES D. LEHMAN 


Consulting E ngineer 





Emergency Communications 
Surveys & Reports, Plans & Specifications 
Operation and Maintenance Problems 






Flossmoor, Illinois 








ROBERT T. REGESTER 
Consulting Engineer 


Water Works Sewage Treatment 
Hydraulic Structures — Utilities 


Baltimore Life Bldg. Baltimore 1, Md. 














Thomas M. Riddick 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 

Sewage Treatment, Operating Supervision 

of Plants, Sanitary Surveys, Stream Pollu- 

tion Investigation, Swimming Pool Control, 

Chemical and Bacteriological Analyses, 
Testing of Materials. 


369 East 149th Street, New York City 








Box 257 

‘nginee Wm. S. Lozier, Inc. 
EAT, | Consulting Engineers 
uality i) wm, §. Losier - C. E. Elmdorf - A. B. Squire 

Sewerage, Sewage Disposal, Water Supply. 

Water Purification, Refuse Disposal 
rth Front 
abury. 1B) 1 Gibbs Street. Rochester, N. Y. 
| 
LNSEN | 

ENT Metcalf & Eddy 

- a Engineers 


©! M. Chat /l] water, Sewage, Drainage, Refuse and 
ication 








STANLEY ENGINEERING 
COMPANY Consulting Engineers 


Water Works — Sewerage 
Electric Power — Flood Control 
Rate Studies—Valuations—Industrial 
Airports Municipal Buildings 


Hershey Bldg., Muscatine, Ia. 








PHILIP B. STREANDER 
AND AFFILIATES 


CONSULTING SANITARY ENGINEERS 
Damon and Foster, Engrs. ' 
Sharon Hill, Del. Co., Pa. 
Cleverdon, Varney & Pike, Engrs. 
120 Tremont St., Boston 8, Mass. 
Water Supply, Treatment, Distribution 
Trade Wastes, Refuse Disposal 
Sewerage, Sewage Treatment 
Plans, Supervision, Reports 








ROBERT AND COMPANY 


INCORPORATED 


orchitects and Ongineers 








Westcott & Mapes, Inc. 
Architects and Engineers 
Sewage Disposal 
Garbage and Refuse Incineration 


Public Utilities 
Reports Plans Specifications 


NEW HAVEN CONN. 





nent Industrial Waste Problems 

» Disposal Airfields Valuations wasnincton - ATLANTA ~< new yorx 
vy Laboratory WATER SUPPLY INCINERATORS 
—- Statler Building, Boston SEWAGE DISPOSAL POWER PLANTS 
rson | 

Wee _ ORATORY OVER HALF A CENTURY IN CHICAGO 
Bake years experience 

rs Consulting—Analytical—Chemist— EDGAR A. ROSSITER 
— Miodustrial Water Supplics CONSULTING ENGINEER 


Bacteriological — Chemical — Sanitary — Min- 
eral Analyses. Reports and Treatment 
v York! Recommendations. 


Capers Bldg.—Greenville, South Carolina 








WATER WORKS — Sewerage 
Municipal Engineering — Farm Drainage 


DES PLAINES, ILL. 














3 6 
Nussbaumer and Clarke 
-s Newell L. Nussbaumer Irving Clarke 
Bm ny Water Supply and Treatment 
Sewerage & Sewage Disposal 
Structus Garbage Incineration 
vm, Men Town Planning 
$27 Franklin St. Buffalo, N. Y. 
Parsons, Brinckerhoff, Hogan & Macdonald 
Tr ‘ 
Engineers 
Industid% Traffic Reports Valuations Harbor Works 
cation al Power Developments Industrial Buildings 
xtions. Bridges Tunnels Subways Foundations 
Dams Water Works Sewerage 
DING 


142 Maiden Lane, New York 7. 
Calle Sur 17 No. 27, Caracas, Venezuela 
Edificio Suarez Costa, Bogota, Colombia 





Russell & Axon 


Geo. S. Russell—John C. Pritchard 
Joe Williamson, Jr. — F. E. Wenger 


Consulting Engineers, Inc. 


Sewerage, Sewage Disposal, Water 
Works, Filtration, Softening 
Power Plants 


6635 Delmar Blvd University City 5, Mo. 













Weston & Sampson 


Water Supply, Water Purification, Sewer- 

age, Sewage and Industrial Waste Treat- 

ment, Corrosion Control, Laboratory Service, 
Supervision, Valuations 


14 Beacon St. Boston, Mass. 




















Malcolm Pirnie 
Engineers 





Water Supply, Treatment, Sewerage 
Reports, Plans, Estimates 
Supervision and Operation 

Valuation and Rates 


25 W. 43rd St. New York. N. Y. 










J. E. Sirrine & Company 


Engineers 


Water Supply & Purification 
Sewage & Industrial Waste Disposal 
Stream Pollution Reports 
Utilities, Analyses 


Greenville South Carolina 


Whitman & Howard 


Engineers (Est. 1869—Inc. 1924) 
Channing Howard Paul F. Howard 
Walter A. Janvrin C. Roger Pearson 

Water Supply, Water Purification, Sewer- 
age, Sewage Disposal, Water Front Im- 
provements and Municipal and Indus- 
trial Development Problems, Investigations, 
Reports, Designs, Supervision, Valuations. 


89 Broad St., Boston, Mass. 


























WHITMAN, REQUARDT 
AND ASSOCIATES 


Engineers — Consultants 
Civil—Sanitary—Structural—Mechanical— 
Electrical. Reports, Plans, Supervision, 

Appraisals 
1304 St. Paul Street 
Baltimore 2, Maryland 








BUY MORE VICTORY 
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DESCRIPTION: 

%Proportioneers%> Automatic and Propor- 
tional Hydraulically Operated Chem-O- 
Feeders ore used for gravity or other water 
supplies where the rate of flow may vary 
from minute to minute. These units inject hy- 
pochlorite or other solution in proportion to 
main flow and are operated by water power 
from the main itself, or can be furnished to 
operate by compressed air, steam, etc. The 
Chem-O-Feeder has a double diaphragm 
and is of the Treet-O-Control type with pilot 
valve and gear box mounted on the meter, 
the feeding unit being separate and only 
connected to the pilot valve by copper tub- 
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EARING TO THE FUTURE AT Hay; 













ad 


Wane we're working hard tg 
reduce that huge pile of accumulateg 
orders—and we are reducing it—we ag. 
also doing something about the future. 

Our production facilities are greate 
today than they have ever been in the pagt 

They are going to be still greater 
tomorrow. 

Our great production record during 
the war is going to be beaten in theses 
days of peace. We're going to turn og 
millions of Hays pgoducts, and we h 
that you will be one of our customers jg 
claim your share. 
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COPPER BRASS LEAD IRON 


WATER WORKS PRODUCTS 


HAYS MANUFACTURING CO., ERIE, PA 


SPECIFICATION: 

Standard, double diaphragm 4D2-5D3 units 
are for line pressures varying from 10 up 
to 100 Ibs. max. per sq. in. Special low 
pressure units are available for pressures 
from 4 up to 15 Ibs. max. per sq. in. 
Chemical delivery is adjustable while unit 


ing. This means that at any time you can 
add one or more Chem-O-Feeders for feed- 
ing chemicals—such as aqua ammonia for 
chloramine treatment, aluminum sulphate, 
soda ash, etc., by merely connecting the new 
units to the operating control lines without 
duplicating gear box, pilot valve and con- 
trol meter. All Treet-O-Control meters are 
furnished with registered to measure total 
through put of water. 


is operating by means of micrometer stroke 
length setting, from 0 to approximately 
12 CC per stroke. Maximum capacity de- 
pends on maximum allowable stroking rate 
which for hydraulic operation is usually 30 
strokes per minute. At 26 strokes per minute, 
12 CC per stroke, delivery is approximately 
5 gal. per hour or 11.2 Ibs. chlorine per day 
using 1% calcium or sodium hypochlorite 
solution. 


Write for Bulletin SAN-1 


7” PROPORTIONEERS. INC.Z 


9N. CODDING ST., PROVIDENCE 1, R. I. 
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Model A 10,000 gallons per day $ 650.00 


a) 


Model B 20,000 gallons per day $ 950.00 
Model C 40,000 gallons per day $1,400.00 
Model D 75,000 gallons per day $2,500.00 


OTHER SIZES—SEND FOR DETAILS 


Operates off electric light sccket—ean be directly connecied to pressure or gravity filter. 
temoves color—turbidity—echlorine demand—op>raics like a radio—votume control for degree of 
reatment required. Simple, inexpensive and purifies water to a degree impossible with present 
nethods. 
| The electronic water purification principle heralded as new development in the art. 
ill be surprised at the quality water you can produce. Write for details. 


STUART-BRUMLEY CORPORATION 516 N. Charles St., Baltimore 1, Md. 


You 
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Typical of the many difficult waters in which the Stuart-Brumley Electronic Water Purifier 


has been used in the above photograph of the North Carolina Dismal Swamp water, which wa} 


reduced in color from over 400 to less than 10 in 30 seconds time. 


The following analyses show some of the average results obtained in other sections of th 


country: 
COLOR PH 
LOCATION BEFORE AFTER BEFORE 


Deep Creek Juniper Water 
Dismal Swamp North Carolina (soft-surface supply ) 100 10 5.0 
Norfolk, Virginia—Raw water (soft-surface supply ) 90 10 6.8 


Miami, Florida—Raw water (hard-well supply) 70 1] 7.3 
Canal Water, Okeechobee Swamp (hard-surface supply) 120 20 re 
Lime Soda Softening Plant (softened well supply) 29 14 10.1 


The above analyses were all obtained through 30 seconds contact. 


STUART-BRUMLEY CORPORATION 516 N. Charles St., Baltimore 1, Mi 














WATER PURIFIERS 


‘SIT AROUND AND LOOK yme BEST, 
LET ELECTRICITY DO He REST. 


STUART- BRUMLEY CORP. | 
BALTIMORE,MD 


Flash Coagulator Units-- 
Coagulation in 30 Seconds-- 


Color Removal-- 
Turbidity Removal-- 


Just Like Alum 
Simplicity of Electricit 








FINS CXOVNGLUIBAWTIO)N 
WITH ELECTRONIC COAGULATOR 
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STUART Brumiry 
ELEC Thonn 
WATER Puniy ER 


Write for details on 
Large size units. 
No obligation. 


STUART-BRUMLEY CORP. 


516 N. CHARLES ST. BALTIMORE-1I, MD. 
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SIMPLEX VALVE & METER COMPANy 


6743 UPLAND STREET, PHILADELPHIA #42, PENNSYLVANIA 


SIMPLEX stands for LEADERSHIP in 
SEWAGE EQUIPMENT 


WATER WORKS & 


TYPE MO METER 


Indicates, records and totalizes fluid flow 
rates. Consistent high accuracy over wde 
flow range (up to 43 to |); extreme sensi- 

ty to every change in flow; simplicity of 

gn, trouble-free operation, minimum 
Evenly graduated, direct 
Floor stand, 
bracket or Panel Board mounting. 
BULLETIN 300 


ntenance cost. 


ing flow scale and chart. 


AIR INLET VALVE 


Eliminates the pos- 
sibility of collapse 
of pipe line walls 
due to sudden drop 
in pressure in grav- 
ity flow line. The 
non-collapsible float 
is buoyed by the 
water in the line un- 
til a condition arises 
which tends to cre- 
ate a vacuum—then 
the buoying effect 

of the water is lost, the float drops from its 
eat, to admit air and destroy the vacuum. 
BULLETIN 125 


AIR RELEASE VALVE 


Automatically vents air 
ons that might other- 
wise cause operating loss or 
damage to pipe lines and 
oumps. Dependable in serv- 
Simple construction— 
one lever movement oper- 
ites a tight seating needle 
valve, actuated by a heavy glass ball float. 
Types for pressures up to 1250 Ibs. per sq. 
in. — tested to several times the service 
working pressure. 


bstruct 


TYPE MS FLOW RATE METER 


Accurately indicates, records and totalizes 
flow rate. Bell-shaped float automatically 
extracts the square root of the law of flow 
and makes possible the direct reading chart 
—evenly graduated from 9 to maximum. 
The arm of the recording pen connects di- 
rectly with the float for inevitable accuracy 
of transcription and sensitivity to flow 
change. 

BULLETIN 350 





PITOT EQUIPMENT 


Check the operating efficiency of distri- 
bution systems, pumps, meters. Panel board, 
portable, or stationary Recorders, mano- 
meters, and pitot tube types of equipment 
for accurate surveys—at low cost and with 
small expense—effect definite savings in 


operating loss. 
BULLETIN 50 


RATE OF FLOW CONTROLLERS 


For gravity or pressure Filters, Clearwalls 
etc. A direct acting, balanced valve 
controller, operated by a Venturi tube 
located in the effluent line. Lowest obtain. 
able head losses when wide open; highest 
degree of accuracy without compensating 
mechanisms; largest possible ratio from 
maximum to minimum rates with any gives 
size of unit; no electrical mechanisms used 
in operation. The controller starts quickly 
from a wide open position and takes the set 
rate in less than 15 seconds. Adapted te 
various types of clearwell control. 

BULLETIN 250 


GAUGES 


Indicating, recording, and/or totalizing 
gauges, strictly proportional to the Rate of 
Flow or Loss of Head. Mercury Float ot 
Water Operated. Types for gauging Los 
of Head, Rate of Flow, Depth, Elevation, 
Sand Expansion, etc. All Simplex Gauges 
are designed for accuracy, visibility, acces 
sibility of moving parts, and reliability in 
service. 

BULLETIN 170 





MO & MS METERS e 


BULLETIN 58 
| 
| VALVES . 


CONTROLLERS 7 
AIR & VACUUM VALVES * 
(VENTURI TUBES, PITOT TUBES, ORIFICES, NOZZLES, WEIRS AND FLUMES) 


GAUGES * 
PITOT EQUIPMENT . 


SAND EXPANSION INDICATORS o 
SUMMATORS * 


AIR RELEASE 
PRIMARY DEVICES 
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“pext to knowing -- 
-- 18 knowing where to find knowledge” 


Goreword 


We take especial pride, as publishers, in presenting this volume— 
so The 1946 Reference and Data Number of se 
WaTER & SEWAGE WorkKS 


’ Prepared by the Editor and Dr. George E. Symons, as Managing Editor, 
this section presents the equivalent of a data handbook for designing engineers, 
managers, and operators of water and sewage works. 








The information contained herein has been carefully selected from past 
issues of WATER WoRKS AND SEWERAGE (now WATER & SEWAGE 
Works) and other sources named in the text. In addition, considerable effort 
has been made to present the most economical and modern methods, and the 
latest tables and charts useful to water and sewage works operators and 


designers. 








Even though supplied to subscribers at no charge beyond the regular sub- 


scription fee, the same conscientious work has been put into the preparation of 
this Reference Section as would be expected in a book devoted exclusively to 
the same type of material and published separately. 


xk 


Note 








In the past we have repeated useful 
basic data, tables, graphs, etc.—from year 
to year, chiefly for the benefit of new sub- 
scribers; certain other matter was repeated 
in alternate years; and new material was, 
of course, added. Thus the subscriber who 
kept two consecutive Reference and Data 
issues on file had all of the most important 
reference material published by WATER 
WorKS AND SEWERAGE (now WATER 
& SEWAGE Works). 

None of the material contained in the 
1945 issue is repeated in this issue. In- 


- 


stead, the new material is being augmented 
with certain basic material selected from 
the 1944 and earlier issues, with the intent 
of best serving all of our readers—espe- 
cially the newer readers. 

Nevertheless, in order to have a com- 
plete Reference and Data file it will be 
necessary for the readers to have available 
not only the current issue but also issues 
of at least the two years preceding this 
issue. Therefore for the convenience of the 
user a consolidated fwe year index is being 





incorporated in this issue. 


— 
Editor. 
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ENCE AND DATA MATERIAL, AND 

THE INDEX TO ADVERTISERS, SEE 
THE REAR OF THIS SECTION 
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SSIFIED INDEX of PRODUCTS 





ABRASIVES 


Carborundum Co., Niagara Falls, 
mB. Xe 
ACID, SULPHURIC AND 
HYDROCHLORIC 
Dow Chemical Co., Midland, Mich. 


General Chemical Co., 


40 Rector 
St., New York 6, N. Y. 


Hooker Electrochemical Co., Buffalo 
Ave. and _W ard St., Niagara 
Falls, N. 


Monsanto Chemical Co., St. Louis, 


Monsanto Chemical Co., Merrimac 
Div., Boston, Mass. 

Niagara Alkali Co., 60 E. 42nd St., 
New York City. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia 7, Pa 


ACTIVATED AND BLACK ALUM 

Activated Alum Corp., Curtis Bay, 
Baltimore, Md. 

Stuart Brumley Corp., 
Charles St., Baltimore 1, 


516 N 
Md. 


CARBON 
Jacksonville, 


ACTIVATED 
American Norit Co., 


Fila. 
Cliffs Dow Chemical Co., Marquette, 
Michigan. 


Darco Corporation, 60 E., 42nd St., 
New York City 17. 
Graver Tank & Mfg. 
East Chicago, Ind. 
industrial Chemical Sales Division, 
West Virginia Pulp & Paper Co., 
230 Park Ave., New York City 
17. 
Infilco, Inc., 
cago, Ill. 
Permutit Co., 330 W. 
New York 18, N. Y. 
L. A. Salomon & Bro., 
St., New York City. 
Stuart Brumley Corp., 
Charles St., Baltimore 1, 


APPARATUS 
449 
Y. 


Co., Ine., 


325 W. 25th Pl., Chi 


42nd St., 
216 Pearl 


516 N 
Md. 


Allen Billmyre Corp., Fayette 
Ave., Mamareneck, N. 

Aluminum Co. of Amer. ° 
Bidg., Pittsburgh, Pa 

The American Well Works, Aurora, 
Ill 


Gulf 


Carborundum Co., Perth Amboy, 
N 


Ralph B. Carter Co., 53 Park Place 
New York City. 
Chicago Pump Co., 
St., Chicago, Ill 


2349 Wolfram 


Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Jeffrey Mfg. Co., Columbus, Ohio. 

F. B. Leopold Co., Inc., 422 Firet 
Ave., Pittsburgh, Pa. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 

Permutit Co., 330 W. 2nd S8t., 


New York 18, N. Y. 
Vogt Mfg. 
Yeomans 

Dayton 8t., 


Co., Louisville, Ky. 
Brothers Co., 1433 N. 
Chicago 22, Ill. 
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AGITATORS 


Allen-Billmyre Corp., 449 Fayette 


Ave., Mamaroneck, N. 
= rican Well Works, " Aurora, 
Ralph B. Carter Co., 53 Park PI1., 
New York City 
Chain Belt Co., "iaitwankee, Wis. 


Chicago Pump Co., 2336 Wolfram 


8t., Chicago, Ill. 


Dorr Co., 570 Lexington Ave., New 
York City. 

The Eimco Corp., P. O. Box 300, 
Salt Lake City, Utah. 

General American Process Equip- 
ment, 420 Lexington Ave., New 
York 17, N. Y¥. 

Graver Tank & Mfg. Co., Inc., 


East Chicago, Ind. 


Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, . 
F. B. Leopold Co., Inc., 422 First 


Ave., P ittsburgh, Pa 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 


Park Ave., Philadelphia 40, Pa. 
Nooter, John, Boiler Works Co., 
1410 S. 2nd St., St. Louis 4, Mo. 


Omega Mach. Co., Inc., 9 Codding 
St., Providence 1, R. 
Permutit Co., 330 W. 
New York 18, N. Y. 
H. K. Porter Co., Inc., 


42nd St., 
1932 Oliver 


Bldg., Pittsburgh 22, Pa. 
Roberts Filter Mfg. Co., Darby, 
Pa. 
Stuart Brumley Corp., 516 N. 
Charles 8t., Baltimore 1, Md. 
Vogt Mfg. Co., Louisville, Ky. 
Yeomans Brothers Co., 1433 N. 
Dayton St., Chicago 22, Il. 


AIR BLOWERS 
(See Blowers, Air) 


AIR COMPRESSORS 
(See Compressors, Air) 


ALTERNATORS, ELECTRIC 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 

Fairbanks, Morse & Co., 600 S&S. 
Michigan Ave., Chicago 5, Ill. 
Westinghouse Electric & Mfg. Co., 
P. 0. Box 868, Pittsburgh 30, Pa. 
Yeomans Brothers Co., 1433 N 

Dayton St., Chicago 22, Ill. 


ALTERNATORS, MECHANICAL 


Chicago Pump Co., 2336 Wolfram 
St., Chicago 18, Ill. 


ALUM, AMMONTA 

General Chemical Co., 40 Rector 
St.. New York 6, N. Y. 
Innis-Speiden & Co., 117 Liberty 


St., New York City. 


ALUM, BLACK 
(See Black Alum) 


ALUM, FILTER 
(See Filter Alum) 


AMMONIA, ANHYDROUS & 
AQUA 
General Chemical Co., 40 Rector 
St., New York 6, N. Y. 
Great Western Division, Dow 
Chemical Co., 310 Sansome St., 
San Francisco, Calif. 
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ASBESTOS-CEMENT 


Mathieson Alkali Wks., Inc., 60 E. 
42nd St., New York City. 
Monsanto Chemical Co., St. Louis, 
0. 
Monsanto Chemical Co., Merrimac 
Div., Boston, Mass. 
Penn. Salt Mfg. Co., Widener 


Bldg., Philadelphia 7, Pa 
E. M. Sergeant Pulp & Chemical 


Co., Inc., 7 Dey St., New York 
ae 4 
AMMONIATORS 

Chem-Feeds, Inc., 77 Reservoir 
Ave., Providence, R. IL. 

Chemical Equipment Co., P. 0. 
Box 3098, Terminal Annex, Los 
Angeles i2, Calif. 

Everson Filter Service Co., 214 W. 
Huron S8t., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., 


East Chicago, Ind. 
Omega Mach. Co., Inc., 

St., Providence 1, 
Proportioneers, Inc., 

Providence, R. 


9 Codding 
I 


B. i. 
9 Codding St., 


Wallace & Tiernan Co., Inc., New- 
ark, N. J. 
Wilson Chemical Feeders, Inc., 


204 Clinton St., Buffalo, N. Y 


ANTHRAFILT 


Anthracite Equipment Corp., 101 


Park Ave., New York City. 


AQUAPHONES 


Aqua Survey & Instrument Co., 
1409 Marlowe Ave., Cincinnati, 
Ohio. 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 


ARRESTERS, FLAME 


Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago 13, Ill. 

Vapor Recovery Systems, 2820 N. 
Alameda St., Compton, Calif. 


PIPE 
Johns-Manville Co., 22 B. 40th St., 
New York City. 


ASH AND COAL HANDLING 


MACHINERY 

Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 

Dracco Corp., Cleveland, Ohio. 

Gruendler Crusher & Pulverizer Co., 
_ N. Market St., St. Louis, 
Mo. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 300 W. Pershing 
Rd., Chicago 9, II. 


BAR SCREENS 


(See Screens, Sewage) 


BELTS, SAFETY 


Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade Sts., 
Pittsburgh, Pa. : 


BINS, STORAGE 


Chain Belt Co., 1610 W. 
Milwaukee 4, Wis. 
Chicago Bridge & Iron Company, 
-_ McCormick Bldg., Chicago, 


Ill. 
R. D. Cole Mfg. Co., Newnan, Ga. 


Bruce 8t., 











General American Process Bquj 
ment, 420 Lexington Ave., Noy 
York 17, N. Y. 


Graver Tank & Mfg. Co., Ine 
East Chicago, Ind. 
Gruendler Crusher & Pulverizer () 


as N. Market St., St. Louis 
Jetfeey Mfg. Co., Sap Ohio, 
Link-Belt Co., 204 Hunting 


Park Ave., Philadelphia 40, Pa 
Nooter, John, = Works (Co, 
1410 8S. 2nd St., Louis 4, Mo 
Pittsburgh-Des isines Steel (o., 
Pittsburgh, Pa. 
The Stacey Bros. Gas Construction 
Co., 5535 Vine St., Cincinnati 
16, Ohio. 


BITUMINOUS COATINGS AND 
LININGS 
W. A. Briggs Bitumen Co., 3% 
Richmond S8t., Philadelphia % 
P 


a. 

General Paint Corp., 3091 Mayfeli 
Rd., Cleveland, Obio. 

Reilly Tar & Chemical Corp., Mer 
aete Bank Bldg., Indianapolis, 
nd. 


BLACK ALUM 


Stuart Brumley Corp., 516 \ 
Charles St., Baltimore 1, Md. 


BLEACHING POWDER 
Hood Chemical Co., 450 W. Sis 

St., New York City. 
Hooker Electrochemical Co., But 


falo Ave. and Ward St., Niagan 
Falls, N. Y. 
Innis-Speiden & Co., 117 Liberty 


St., New York City. 

Mathieson Alkali oe 60 E. 420i 
St., New York Cit 

Niagara Alkali Co., 60 "B. 42nd & 
New York City. 

Penn. Salt Mfg. Co., Wiese 
Bldg., Philadelphia 7, Pa. 

Pittsburgh Plate Glass Co., Colum 
bia Chemical Division, Gra 
Bldg., Pittsburgh 19, Pa. 

BE. M. Sergeant Pulp & Chemidl 
Co., Inc., 7 Dey St., New Yor 
% N. Y. 


BLOWERS, AIR, GAS (Centrifv- 
gal and Rotary 


Allen-Billmyre Corp., or 


Ave., Mamaroneck, N 

Allis Chalmers Co., Milwaukee 
Wis: 

De Laval Steam Turbine ( 
Trenton, N. 

General Electric Co., Schenectady 
Ms oe 


Roots-Connersville Blower Con 
Connersville, Ind. 
Turbine Equipment Co., 75 We 


St., New York 6, N. Y. 


BLOWERS (Gasoline Engine 
Driven Portable) 
Allen-Billmyre Corp., 440 Fayett 

Ave., Mamaroneck, N. 
a Corporation, Port Cheste: 
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EEDWATER TREAT- 
BOILER SND EQUIPMENT 
The ‘American Well Works, Aurora, 
aS Meter Co., 
Rd., 


1072 
Cleveland, 


Ohio. 
Builders Pro aide Inc.. 
St., 


Providence, 
M. . Belt 


Ivanhoe 


9 Cod- 
. % 
Co., 1610 W. Bruce St., 
p Wis. 
Milwaukee 4, 
al Equipment 
Chem 098, Terminal 
Angeles 12, Calif. 
arborn Chemical Co., 
Michigan Ave., Chicago, 
porr Co., 570 Lexington Ave., 


t 
York a “ 214 W. Huron, 


rere Ti. 
Gane. Valve Spec. Co., 
Bidg., Pittsburgh, 


oC. PP. © 
Annex, Los 


310 =S. 
Til. 
New 


Co., 


n-Anderson 
oo) Fulton 
oraver Tank & Mfg. Co., Inc., 
Bast Chicago, Ind. 
Hagan Corp., The, : 
Infileo, ne. 325 W. 
eago, Ill 
Jeffrey Mfg. Co., Columbus, Ohio. 
Lakeside Engrg. Corp., 222 W. 
Adams 5&t., Chicago, Ill 
Link-Belt Co., 301 W. 

Chicago 9, Ill. 

McAlear Mfg. Co., 1949 S. 
ern Ave., Chicago 8, I 
Omega Machine Co.. 9 
St., Providence 1, R, 
Permutit Co., 330 W. 
New York 18, N. Y. 
proportioneers, Inc., 9 Codding St., 
Providence, R. 1. 
Roberts Filter Mfg. Co., 


Ck. F 


Pittsburgh, Pa. 
25th Pl., Chi- 


Pershing 
West- 
Codding 


42nd St., 


Darby, 
Penn. 

Ross Valve Mfg 0. Box 
595, Troy, N. Y. 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa. 


w. A. Taylor & Co., 7300 York 
Road, Baltimore, Md. 

Wilson Chemical Feeders, Inc., 
Buffalo, N. Y. 

Worthington Pump & Machinery 
Corp., Harrison, New Jersey 


Zeolite Chemical Co., 140 Cedar St., 


New York 6, N. % 


BOILERS, GAS 


American Radiator & Standard 
Sanitary Corp., Bessemer Bldg., 
burgh 30, Pa. 

BOOKS, TECHNICAL 

Theo. Audel & Co., 49 W. 23rd 
St., New York 10, N. Y. 

John Wiley & Sons, Inc., 440 4th 
Ave., New York 16, ee 2 


AND METER 
Meter Boxes) 


BOXES. VALVE 
(See Valve Boxes; 


BRASS GOODS 


(See also Pipe, Brass) 

American Brass Co., Waterbury, 
Conn. 

Bridgeport Brass, Bridgeport 2, 
‘onn, 

Hays Mfg. Co., Erie, Pa. 

Mueller Co., Decatur, Ill. 


Northrop & Co., Inc., 
St., New York 7, N. ° 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 


BREATHING APPARATUS 

Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade Sts., 
Pittsburgh, Pa. 


50 Church 
Y 


BREECHINGS, STEEL 
Chicago Bridge & Iron Company, 


_ McCormick Bldg., Chicago, 
a D. Cole Mfg. Co., Newnan, Ga. 
Graver Tank & Mfg. Co., Ince., 

East Chicago, Ind. 

Nooter, John, Boiler Works Co., 

1410 8. 2nd St., St. Louis 4, Mo. 
Pittsburgh-Des Moines Steel Co., 

Pittsburgh, Pa. 

Stacey Bros. Gas Construction Co., 

5535 Vine St., Cincinnati 16, 
Ohio, 


BUCKETS, SEWER 
Champion Corp., Hammond, Ind. 


BUFFER SOLUTIONS & MIX- 
TURES 

Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y. 
W. A. Taylor & Co., 7300 York 
Rd., Baltimore, Md. 


BUTTERFLY VALVES 
(See Valves, Butterfly) 


CALCIUM HYPOCHLORITE 
(See also Bleaching Powder) 


ood Chemical Co., 450 W. 3ist 
St., New York City. 
Innis, Speiden & Co., 117 Liberty 


St.. New York City 
Luther & Wood, 143 a St., 
N.W., Washington, D. 
Mathieson Alkali Wks., 6 "RB. 42nd 
8t., New York City. 





CEMENT, 


CEMENT LINED 











Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia 7, Pa. 


Pittsburgh Plate Glass Co., Colum- 
bia Chemical Division, Grant 
Bldg., Pittsburgh 19, Pa. 

BE. M. Sergeant Pulp & Chemical 
Co., Inc., 7 Dey St., New York 
7 Be Be 

CALGON 


(See Corrosion Suppression and 
Water Stabilization) 


CALKING MACHINES 
Mueller Co., Decatur, Ill. 
Northrop & Co., Inc., 50 Church 

St., New York 7, N. Y. 


& TOOLS 


CARBON-ACTIVATED 
(See Activated Carbon) 


CARBONATORS (Recarbonation). 
a Co., Perth Amboy, 


Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., Ince., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Lakeside Engineering Corp., 222 

Adams St., Chicago, Ill. 

F. B. Leopold Co., Inc., 422 First 
Ave., Pittsburgh, Pa. 

Permutit Co., 330 W. 42nd St., 
New York i8, Me. Ba 

Vogt Mfg. Co., Louisville, Ky. 

CASTINGS, IRON, ue 

ALLOY STE EL, ETC, 

The Central Foundry Co., 386 


Fourth Ave., New York, N. Y 
Chain Belt Co., 1610 W. 
Milwaukee 4, Wis. 


Bruce St., 


Climax Engineering Co., Clinton, 
Iowa. 

Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 

The Eimco Corp., P. 0. Box 300, 
Salt Lake City, Utah. 

Fort Pitt Steel Castings Div., H. K. 
Porter Co., McKeesport, Pa. 

Grinnell Co., Inc., 260 W. Ex- 
change St., Providence, R. I. 

Hunt, Rodney, Machine Co., 


Orange, Mass. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 
M & H Valve & Fittings Co., 
Anniston, Ala. 


U. S. Pipe & Foundry Co., Bur- 
lington, N. J. 
Warren Foundry & Pipe Corp., 11 


Broadway, New York City. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


CAST IRON PIPE 
(See Pipe) 


CATCH BASIN CLEANERS 


Champion Corp., Hammond, Ind. 

CATHODIC PROTECTIVE 
SYSTEMS 

Dow Chemical Co., Midland, Mich. 
Electro Rust-Proofing Co., 1026 
Wayne Ave., Dayton, Ohio. 
Johnston & Jennings Co., Rusta 
Restor Div., 877 Addison Rd., 
Cleveland, Ohio. 

Westinghouse Electric & Mfg. Co., 


P. 0. Box 868, Pittsburgh 30, Pa. 
CAUSTIC SODA 

— Alkali Co., Pittsburgh, 
Pa. 

Dow Chemical Co., Midland, Mich. 

Great Western Division, Dow 
Chemical Co., 310 Sansome S&t., 
San Francisco, Calif. 

Hood Chemical Co., 450 W. 3ist 
St., New York City. 

Hooker Electrochemical Co., Buf- 
falo Ave. and Ward St., Niagara 
Falls, N. Y. 

Innis-Speiden & Co., 117 Liberty 
St., New York City. 

Mathieson Alkali Wks., 60 B. 42nd 
St., New York City. 

Niagara Alkali Co., 60 EB. 42nd 
St., New York City. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia 7, Pa. 

Pittsburgh Plate Glass Co., Colum- 
bia Chemical Division, 30 Rocke- 


feller Plaza, New York City. 
E. M. Sergeant Pulp & Chemical 
Co., Inec., Empire State Bldg., 
New York 1, N. Y. 
Solvay Sales Corp., 40 Rector St., 
New York City. 


ASBESTOS PIPE 
Johns-Manville, 22 E. 40th St., New 
York City. 


CEMENT GUN 


Cement Gun Co., Allentown, Pa. 


CEMENT PIPE 


Concrete) 


PIPE 


(See Pipe, 


(See Pipe) 











CEMENT LINING OF PIPE 
Centriline Corp.,. 140 Cedar St., 
New York City. 
Tate Pipe Linings, 
Mass. 


Ine., Andover, 


CEMENTS, ACID PROOF 

Atlas Mineral Prod. Co., 
town, Pa. 

50 

Y 


Mertz- 


Northrup & Co., Inc., Church 
St., New York 7, N. . 

Pennsylvania Salt Mfg. Co., 1000 
Widener Bldg., Philadelphia 7, 
Pa. 


REFRACTORY 
Perth Amboy, 


40th St., 


CEMENTS, 
Carborundum Co., 


Johns-Manville, 22 B. 
New York City. 


CEMENTS, SEWER PIPE 
Atlas Mineral Prod. Co., 
town, Pa. 
Hydraulic Development Corp., 50 
Chureh St., New York City. 
Pennsylvania Salt Mfg. Co., 1000 
— Bidg., Philadelphia 7, 
a. 


CEMENTS, WATER MAINS 

Atlas Mineral Prod. Co., Mertz- 
town, Pa. 

Hydraulic Development Corp., 
Chureh St., New York City. 

Leadite Co., Girard Trust Bldg., 
Philadelphia, Pa. 

Northrup & Co., Inc., 50 Church 
St., New York 7, N. Y. 


Mertz- 


50 


CHALNS (Elevating, Conveying & 
Power Transmission) 
Chain Belt Co., 1610 W. 

Milwaukee 4, Wis. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 

Park Ave., Philadelphia 40, Pa. 


CHEMICAL, CONVEYING 

BQUIPMENT 

Chain Belt Co., 1610 W. 
Milwaukee 4, Wis. 

Dracco Corp., Cleveland, Ohio. 

Gruendler Crusher & Pulverizer Co., 
ag N. Market St., St. Louis, 
Mo. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 


Bruce St., 


Bruce 8t., 


CHEMICAL FEEDING & PRO- 
PORTIONING EQUIPMENT 
Chemical Equipment Co., P. O. 

Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 
Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 
Dearborn Chemical Co., 310 S. 
Michigan Ave., Chicago, Ill. 
Everson Mfg. Co., 214 W. Huron 
St., Chicago, Ill. 
Graver Tank & Mfg. Co., Inc., 


East Chicago, Ind. 
Infileo, Inc., 325 W. 
eago, Ill. 
Jeffrey Mfg. Co., 
Lakeside Engrg. 
Adams St., Chicago, 
F. B. Leopold, 422 
Pittsburgh, Pa. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 
Nooter, John, Boiler Works Co., 
1410 S. 2nd St., St. Louis 4, Mo. 
Omega Machine Co., 9 Codding 
St., Providence 1, R. I. 
Permutit Co., 330 W. 42nd St., 
New York City. 
Phipps & Bird, Inc., Sixth & Byrd, 
Richmond, Va. 
Proportioneers, Inc., 9 Codding St., 
Providence, R. 
Roberts Filter Mfg. Co., Darby, 
Pa. 
Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 
Wallace & Tiernan Co., Inc., New- 
ark 1, N. J. 
Wilson Chemical Feeders, Inc., 204 
Clinton St., Buffalo, N. Y. 


(Chlori- 


Chi- 


Columbus, Ohio, 
Corp., 222 W. 
Ill. 
First 


25th PL, 


Ave., 


CHLORIDE OF LIME 
nated Lime) 
(See Bleaching Powder) 


CHLORINATORS 


(See also Hypochlorinators) 

Chem-Feeds, Inc., Reservoir 
Ave., Providence, R. I. 

Chemical Equipment Co., P. O. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 

Everson Filter Service Co., 214 W. 
Huron 8t., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 


Infilco, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, III. 


Lapp Insulator Co., Le Roy, N. Y. 

Omega Machine Co., 9 Codding 
St., Providence 1, R. I, 

Phipps & Bird, Inc., Sixth & Byrd, 
St., Richmond, Va. 
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Proportioneers, Inc., 9 Codding St., 
Providence, R. 


Wallace & rm “Co., Inc., New- 
ark, N. 
CHLORINE DIOXIDE 
(See Sodium Chlorite) 
CHLORINE, LIQUID 

Chemical Equipment Co., P. O. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 

Diamond Alkali Co., Pittsburgh, 

a. 

Great Western’ Division, Dow 
Chemical Co., 310 Sansome §8t., 
San Francisco, Calif. 

Hooker Electrochemical Co., Buf- 
falo Ave. and Ward St., Niagara 
Falls, N. Y. 

Mathieson Alkali Wks., 60 EB. 42nd 
St., New York City 

Monsanto Chemical Ca, St. Louis, 

Monsanto Chemical Co., Merrimac 
Div., Boston, Mass. 

Niagara Alkali Co., 60 BEB. 42nd 
St., New York City. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia 7, Pa. 

Pittsburgh Plate Glass Co., Colum- 
bia Chemical Division, Grant 
Bldg., Pittsburgh 19, Pa. 

EK. M. Sergeant Pulp & Chemical 
Co., Ine., 7 Dey St., New York 
oy Ms . 

Solvay Sales Corp., 40 Rector St., 
New York. 

Wallace & Tiernan Co., Inc., New- 
ark 1, N. J. 

CHLORINE CONTROL EQUIP- 

MENT 


(See Residual Chlorine Control) 


CHUTES, COAL, ETC. 
Chicago Bridge & Iron Company, 
a McC ecentets Bldg., Chicago, 


R. D. Cole Mfg. Co., Newnan, Ga. 

Graver Tank & Mfg. Co., Inc., Bast 
Chicago, Ind. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 800 W. Pershing 
Rd., Chicago 9, Ill. 

Nooter, John, Boiler Works Co., 
1410 8. 2nd S8t., St. Louis 4, Mo. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


OLAMPS AND SLEEVES, PIPE 
Amer. Cast Iron Pipe Co., Birming- 
ham, Ala. 
Ganges Comins Corp., Birmingham, 
Ala. 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 
Dresser Mfg. Co., Bradford, Pa. 


Grinnell Co., Inec., 260 W. Ex- 
change St., Providence, R. I. 
Iowa Valve Co., Hubbell Bidg., 

Des Moines, lowa,. 
Mueller Co., Decatur, IIL. 
Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 
Rensselaer Valve Co., Troy, N. Y. 
The A. P. Smith Mfg. Co., 545 N. 


Arlington Ave., E. Orange, N. J. 
Warren Foundry & Pipe Co., 11 
Broadway, New York City. 


| CLAMPS, BELL JOINT 


Carson-Cadillac Corp., 


Ala. 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, IIL. : 
Dresser Mfg. Div., Bradford, Pa. 
Grinnell Co., Inc., 260 W. Ex- 
change St., Providence, ) ae * 
Northrop & "Co., Inc., 50 Church 
St., New York 7, B.. &. 
Pittsburgh Equitable Meter Co., 


Birmingham, 


400 Lexington Ave., Pittsburgh, 
Pa. 
CLAMPS, PIPE REPAIR 
co: ome Corp., Birmingham, 
a. 

Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 
Dresser Mfg. Div., Bradford, Pa. 
Northrop & Co., Inc., 50 Church 

St.. New York 7, N. X. 


CLARIFIERS, SEWAGE 
AND WATER 
she Ameeeee Well Works, Aurora, 


Ralph B. Carter Co., 53 Park Pl., 
New York City. 

Chain Belt Co., 1610 W. Bruce S8t., 
Milwaukee 4, Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 

Hardinge Co., Inc., York, Pa 

325 W. 25th Pl., 


Infilco, Inc., ” Oni- 
cago, lu. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 

Link-Belt Co., W. Hunting 
Park Ave., Philadelphia 40, Pa. 

Pacifie Flush Tank Co., 4 


Ravenswood Ave., Chicago,- Ill. 
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Permutit Co., 830 W. 42nd St., 
New York 18, me me 

Yeomans Brothers Co., 1483 
Dayton 8t., Chicago 22, Ii. 


CLEANERS, AIR INTAKE 
Burgess-Manning Co., 2815 W. Ros- 
coe, Chicago, Ill. 


CLAY PIPE 
(See Vitrified Clay Pipe and Prod- 
ucts) 


CLEANING SEWAGE MAINS 
(See Sewer Cleaning Equipment 
and Service) 


CLEANING WATER MAINS 

Flexible Underground Pipe Clean 
ing Co., 9059 Venice Bivd., Los 
Angeles, Calif. 

National Water Main Cleaning Co., 
80 Church St., New York City. 

Tate Pipe Linings, Inec., Andover, 
ass. 


COA’, & ASHES HANDLING 
MACHINERY 
(See Ash & Coal Handling Machy.) 


COATINGS, ACID & ATLKALI- 
PROOF FOR CONCRETE, 


STEEL AND WOOD 

Atlas Mineral Products Co., Mertz- 
town, Pa. 

Dearborn Chemical Co., 310 5S. 


Michigan Ave., Chicago, Ill. 

The Eimco Corp., P. 0. Box 300, 
Salt Lake City, Utah. 

General Paint Corp., 3091 Mayfield 
Rd., Cleveland, Ohio. 

Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia 7, Pa. 

Philadelphia Quartz Co., Philadel- 
phia, Pa. 

Reilly Tar & Chemical Corp., Mer- 
chants Bank Bldg., Indianapolis, 
Ind, 


COATINGS AND LININGS 
(See Bituminous Coatings and Lin- 


ings) 
COCKS (Curb, Meter, Corpora- 
tion, Etc.) 
American Car & Fdy. 30 
Church St., New York 3, x _ A 
Ford Meter Box Co., Wabash, Ind. 
Hays Mfg. Co., Erie, Pa 
Mueller Co., Decatur, Ill. 

Merco Nordstrom Valve Co., Lex- 
ington Ave., Pittsburgh, Pa. 
Northrop & Co., Inc., 50 Church 

St., New York , 4 N. 1 2 


545 N. 
N. J. 


The A, P. 
Arlington Ave., 


Smith Mfg. Co., 
E. Orange, 


COLLECTORS (Sludge) 


(See Sludge Collestors) 


COMBUSTION INDICATORS 
AND RECORDERS 
Bailey Meter Co., 1072 
Rd., Cleveland, Ohio. 
Permutit Co., 330 W. 
York 18, N. Y. 


Ivanhoe 


42nd St., 


COMMINUTORS 
(See Grinders also) 
Chicago Pump Co., 

St., Chicago, Ill. 


2349 Wolfram 


COMPARATORS 
Hellige, Inc., 3718 Northern Bivd., 
Long Island City, N. Y. 
Lapp Insulator Go Leroy, N. Y 
Proportioneers, Inc., 9 Codding St., 


Providence, . 
W. A. Taylor & Co., 7300 York 
Road, Baltimore, Md. 
Wallace & Tiernan Co., Inc., New- 
ark, 
COMPOUNDS, SEWER JOINT 
Atlas Mineral Prod. Co., Mertz 
town, Pa 
Hydraulic Development Corp., 50 


Church St., New York City. 


Leadite Co., Girard Trust Co 
Bidg., Philadelphia 2, Pa. 

Pacific Flush Tank Co., 4241 Ra- 
venswood <Ave., Chicago, Il. 

Reilly Tar & Chem. Corp.. Mer 
chants Bank Bldg., Indian- 
apolis, Ind. 

Servicised Products Corp., 6051 W. 
65th St., Chicago, Il. 


COMPRESSORS, AIR 

Allis Chalmers Co., 
Wis. 

Clayton Mfg. Co., 


Milwaukee, 


Alhambra, Calif. 


Cooper-Bessemer Corp., Mourt 
Vernon, Ohio. 

De Laval Steam Turbine Oo., Tren- 
ton, N. 

Gardner- Denver Co., Quincy, Il. 

Le Roi Co., 1706 S. 68th St., Mil- 
waukee 14, Wis. 

Northrop & Co., Inc., 4 Church 
St., New York 7, N. 
Roots-Connersville ¥ .R- Corp., 
Connersville, Ind. 

Sullivan Machinery Co., Michigan 
Oity, Indiana. 
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Worthington Pump & Machinery 


Corp., Harrison, New Jersey. 
Yeomans Bros. Co., 1433 N. Day- 
ton St., Chicago 22, Ill. 
CONCRETE BREAKERS 
Gardner-Denver Co., Quincy, Ill. 
Northrup & Co., Inc., 50 Church 
St., New York 7, N. Y. 
Sullivan Machinery Co., Michigan 


City, Indiana, 

CONCRETE CONTROL 

ScientifiC Concrete Service Corp., 
a Bldg., Washington, 
. O. 


CONCRETE HARDENER 
Diamond Alkali Co., Pittsburgh, 


Pa. 
Philadelphia Quartz Co., Third & 
Ionic Sts., Philadelphia 6, Pa. 


Standard Silicate Div., Diamond 
Alkali Co., Pittsburgh, Pa. 
CONCRETE MIXERS 


Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 


CONCRETE PIPE 
American Concrete Pipe Assn., 33 
W. Grand Ave., Chicago 10, IL. 
Lock-Joint Pipe Co., P. O. Box 
269, East Orange, N. J. 


CONDENSERS (Steam) 
Amer. Cast Iron Pipe Co., Birming- 
ham, Ala. 
J. P. Devine Mfg. Co., Div. H. K. 
Porter Co., 49th and Harrison 
Sts., Pittsburgh, Pa. 


General American Process Equip- 


ment, 420 Lexington Ave., New 
York 17, N. Y. 
Nooter, John, Boller Works Co., 


1410 S. 2nd St., St. Louis 4, Mo. 


U. 8. Pipe & Foundry Co., Burling- 
ton, N. J. 

Worthington Pump & Machy. 
Corp., Harrison, N. J. 


CONTRACTORS (Water & Sewage 
Works) 


Ambursen Engineering Corp., 295 
Madison Ave., New York, N. Y. 
Cement Gun Co., P. O. Box 424, 


Allentown, Pa. 
CONTROLLERS, FLOW, LEVEL, 
PRESSURE, TEMPERATURE 
Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 
Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 
Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. a 
Clark Controller Co., 1146 E. 152nd 
St., Cleveland, 0. 
Hagan Corp., Hagan Bldg., Pitts 
burgh,, Pa 
Infileo, Inc., ‘325 W. 25th Pl., Chi- 
eago. I. 
Lapp Insulator Co., Le Roy, N. Y 
*. B. Leopold Co., Inc., 422 First 


Ave.. Pittsburgh, Pa. 
Leupold & Stevens Instruments, 
4445 N. E. Glisan St., Portland 
13, Ore. 
McAlear Mfg. Co., 1949 8S. West- 
ern Ave., Chicago 8, II 
Permutit Co., 330 W. 42nd St., 
New York 18, N. Y¥. 
Roberts Filter Mfg. Co., Darby, Pa. 
Ross Valve Mfg. Co., P. 0. Box 
595, Troy, N. Y. 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadel; hia, Pa. 
Wallace & Tiernan Co., Inc., New- 


ark 1, N. J. 


CONVEYORS AND CONVEYING 
EQUIPMENT 


Builders-Providence, Inc., 9 Cod 
ding St., Providence, R. 

Chain Belt Co., 1610 W Bruce St., 
Milwankee 4, Wis. 

Draceco Corp., Cleveland, Ohio. 
The Eimeco Corp., 634 8. 4th West 
St., Salt Lake City 8, Utah 
Food Machinery Corp., 3075 Twelfth 


St., Riverside, Calif. 
Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Mfg. Co., 2045 W. Hunt- 


ing Park Ave., Philadelphia 40, 
Pa. 

Omega Machine Co., 3409 E. 18th 
St., Kansas City, Mo. 

COOLING TOWERS 

J. P. Devine Mfg. Co., Div. H. K. 
Porter Co., 49th and Harrison 
Sts., Pittsburgh, Pa. 

Nooter, John, Boiler Works Co., 


1410 8. 2nd St., St. Louls 4, Mo. 


Stacey Bros. Gas Construction Co., 
5535 Vine St., Cincinnati 16, 
Ohio. 

COPPER, BRASS, BRONZE 

—— Brass Co., Waterbury, 

Bridgeport Brass Co., Bridgeport 


2, Conn. 
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Hays Mfg. Co., Erie, Pa. 
Mueller Brass Co., Port Huron, 


Mich. 
Northrup & Co., Inc., 50 Church 


St., New York 7, N. Y. 


COPPERAS (Sulphate of Iron) 
Innis-Speiden & Co., 117 Liberty 
St., New York City. 
BE. M. Sergeant Pulp & Chemical 
Co., Inc., az Dey St., New York 


» &®. 


COPPER SULPHATE 


General Chemical Co., 40 Rector 
St., New York 6, N. Y. 
17 


Innis- Speiden & Co., 1 Liberty 
St., New York City. 
Phelps Dodge Refg. _ Cor rp., 40 Wall 


St., New York, N. 

E. M. Sergeant Pulp & Chemical 
Co., Inc., 7 Dey St., New York 
4 N. Y¥. 

Tennessee Corp., 621 Grant Bidg., 
Atlanta, Ga. 


COPPER TUBE 


American Brass Co., Waterbury, 
Conn. 

Bridgeport Brass Co., Bridgeport 
2, Conn, 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Hays Mfg. Co., Erie, Pa. 

Mueller Brass Co., Port Huron, 
Mich. 

Mueller Co., Decatur, Il. 

Northrup & Co., Inc., 


50 Church 
Be 


St., New York 7, N. 


CORROSION SUPPRESSION 
Calgon, Inc., Hagan Bidg., Pitts- 
burgh, Pa. 
Dearborn Chemical Co., 310 S. 
Michigan Ave., Chicago, IIL. 


Dow Chemical Co., Midland, Mich. 

Electro Rust-Proofing Co., 2 
Apple St., Dayton, Ohio. 

Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 


COUPLINGS & CONNECTIONS, 
PIPE 

American Hard Rubber Co., 11 
Mercer St., New York 13, N. Y. 

Automatic Control Div., Climax In- 


dustries, 1949 S. Western Ave., 
Chicago, Ill. 
A. M. Byers Co., Pittsburgh, * 


Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, in 
Dresser Mfg. Div., Bradford, Pa. 
Grinnell Co., Inc., 260 W. Ex- 
change St., Providence, R. I. 
Hays Mfg. Co., Erie, Pa. 
McAlear Mfg. Co., 1949 S. West- 
ern Ave., Chicago 8, Il. 
Mueller Brass Co., Port 
Mich. 
Mueller Co., Decatur, II. 
National Tube Co., Frick Bldg., 
50 Chureb 
; 2 


Huron, 


Pittsburgh, Pa. 
Northrup & Co., 
St., New York 7 
P ittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 
Victaulic Co. of America, 30 ~ ae 
feller Plaza, New York, N. . 


ont , 


COUPLINGS, FLEXIBLE 

Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 

Chicago Pump 
St., Chicago, Il. 

Chain Belt Co., 1610 W. 
Milwaukee 4 Wis. 


Co., 2349 Wolfram 


Bruce St., 


De Laval Steam Turbine Co., 
Trenton, N. J. 

Dresser Mfg. Div., Bradford, Pa. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 220 S. Belmont Ave., 
Indianapolis 6, Ind. 

Lombard Governor Corp., Ashland, 
Mass, 

Peerless Pump Division, Food Ma- 
chinery Corp., 301 West Avenue 


26, Los Angeles 31, Calif. 
Pittsburgh Equitable Meter Co., 400 

Lexington Ave., Pittsburgh, Pa. 
Victaulic Co. of America, 30 Rocke- 

feller Plaza, New York, N. Y. 


COVERS, HANDHOLE, MAN- 
HOLE, SAMPLING 


Clow & Sons, James B., 201 N. 


Talman Ave., Chicago, Ill. 
Josam Mfg. Co., 1783 East 11th St., 
Cleveland, Ohio. 
Nooter, John, Boiler Works Co., 


1410 2nd St., St. Louis 4, Mo. 

Northrup & Co., Inc., 50 Church 
St.. New York 7, N. Y¥. 

Stacey Bros. Gas Construction Co., 
5535 Vine St., Cincinnati 16, 
Ohio. 

United Concrete Form Products Co., 
6243 W. 25th Pl., Chicago, Ill. 

Vapor Recovery Systems Co., 

N. Alameda St., Compton, Calif. 


CULVERT CL EANERS 


Champion Corp., Hammond Ind 


ipcnn x 0 Box 6 
| CULVERT PIPE 
(See Pipe, Culvert) 
CURB BOXES 
entra 
coteceme Gia fo 
Chicago,’ Il. sniees 


| 


Hays Mfg. Co., Eri 

Mueller Co., Decatur, in 

Northrup & Co., Ine., 50 Chure; 
"¥ ; 


St., New York 7, 
DECHLCORINATING J : 
AND CHEMICALS | MENT 

Chem-Feeds, Inc., 
Ave., Providence, - Reservoir 
Chemical Equipment = P. ¢ 
Box 3098, Terminal Annex, in 


Angeles 12, Calif. 
Everson Mfg. Co., 214 w. Huros 


6 St., Na Til. 
zeneral Chemical Co., P 
St., New York, N, © Potter 
Graver Tank & Mf 
East Chicago, a “Oo. wee, 
Infilco, Ine., 325 W. 25t , 
cago, Ill. th PL, Chi 
Lapp Insulator Co., Le R 
Omega Machine Co., bee.”'8 tas 
ding St., Providence a 
Permutit Co., 


330 W. 42 

7 New a ‘18, a ie she 

roportioneers, Inc., 9 Codd 
Providence, R. mae 


Virginia Smelting Co., Ww Y 
folk, Va. =m 

Wallace & eee Co., Ine., New 
ark 1, 


DE-MINERALIZATION (Water) 
Dorr Co., 570 Lexington Ave., 
York 22, N, Y. 
Infileo, Inc., 
Chicago 16, Ill. 
Permutit Co., 330 W. 
New York 18, N. Y. 


New 
325 W. 25th Place 


42nd St 


DIAPHRAGM, PUMP 
(See Pumps, Diaphragm) 
DIESEL ENGINES 
(See Engines, Diesel) 
DIFFUSERS—PLATES & TUBES 
Carborundum Co., Perth Amboy 
J 


Chicago Pump Co., 2349 Wolfram 


St., Chicago, Ill. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa 


| DIGESTER EQUIPMENT 


(Sludge) 


The American Well Works, Aurora 
Ill. 


Ralph B. Carter Co., 53 Park Pi. 


New York City. 
J. P. Devine Mfg. Co., Div. H. K 
Porter Co., 49th and Harrison 


St., Pittsburgh, Pa. 
Dorr Co., 570 Lexington Ave., New 
York City. 
Graver Tank & Mfg. Co., In 
East Chicago, Ind. 
Hardinge Co., York, 
Infilco, Inc. 325 W. 25th Pl, Chi 


cago, Il.’ 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa 
Nooter, John, Boiler Works ( 
1410 S. 2nd St., St. Louis 4, Mo 
Pacific Flush Tank Co., 4241 a 
venswood Ave., Chicago, Ill. 
Yeomans Brothers Co., 1433 \ 
Dayton St., Chicago 22, Ill. 


| DISTRIBUTORS (Sewage Filter) 


The American Well Works, Aurora 
Ill 


Ralph B. Carter Co., 53 Park !'! 
New York City. 
Chain Belt Co., 1610 W. Bruce St 


Milwaukee 4 Wis. 
Dorr Co., 570 Lexington Ave., New 
York City. 


Everson Filter Service Co., 214 W 
Huron St., Chicago, Ill. 4 
Graver Tank & Mfg. Co., ine 


East Chicago, Ind. 
Infileo, Inc., 325 W. 
eago, Ill. 
Lakeside Engrg. Corp., 
Adams §&t., Chicago, Ill. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa 
Pacific Flush Tank Co., 4241 Be 
venswood Ave., Chicago, Ill. 
Permutit Co., 380 W. 42nd 8t 
New York 18, N. Y. . 
Yeomans Brothers Co., 1433 % 
Dayton S8t., Chicago 22, Ill. 


DEILLING & BORING 

QUIP 

Hydrauger Corp., Ltd., 116 Ne 
Montgomery St., San France 
Cal. 


25th Pl., Chi 


222 W 
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gon 7 Co., Berkeley, Calif. 
Belt Co., 2045 W. Hunting 
U park Ave., ‘philadelphia 40, Pa. 
SICAL FEEDERS 
Day Tpeical Feeding Equipment) 


YERS, ROTARY 
oy? Devine Mfg. Co., Div. H. K. 
“porter C0. 49th and Harrison 
St., Pittsburgh, Pa. a 
Eimco Corp.. P. 0. Box 300, 
it Lake City, Utah. é 
} American Process Equip- 
ment, oe = Aneel Ave., New 
ome te Co’ # and First Sts., 
South Boston 21, Mass. 
Link-Belt Co., 300 W. Pershing 
Rd., Chicago 9, IL 


RS, PNEUMATIC OR 
EAM (For Sewage and 


Sludgr's Bros. Co., 1423 N. Day- 


ton St., Chicago 22, Ill. 


TRICAL, CONTROL 
BEC PMENT 


P) 
For Controller Co., 1146 B. 152nd 


St., Cleveland 10, Ohio. 


ELECTRICALLY OPERATED 
GATE VALVES 

(See Valves, Motor Operated) 

ELEVATING AND CONVEYING 
EQUIPMENT 

(See Conveyors & Conveying Equip- 
ment) 


ENGINE-GENERATOR UNITS 
Climax Engineering Co., Clinton, 
lowa 

De Laval Steam Turbine Co., 
Trenton, N. J. 

Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Ill. 
Homelite Corp., Port Chester, N. Y. 
(Gasoline Engine Driven and 

Portable.) 

Le Roi Co., 1706 S. 68th St., 
Milwaukee 14, Wis. 

Northrop & Co., Inc., 50 Church 
St.. New York 7, N. ¥. (Gasoline 
Driven Portable.) 

Turbine Equipment Co., 75 West 
St.. New York 6, N. Y. 
Worthington Pump & Machy. 
Corp., Harrison, N. J. 


ENGINES, DIESEL 

Climax Engineering Co., Clinton, 
Iowa 

Cooper-Bessemer Corp., Mount 
Vernon, Ohio. 

Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Iil. 
Worthington Pump & Machy. 
Corp., Harrison, N. J. 


ENGINES, DUAL FUEL 

Cooper Bessemer Oorp., Mt. Ver- 
non, 0. 

Worthington Pump & Mach. Corp., 
Harrison, N. J. 


ENGINES (Gas & Gasoline) 
Buffalo Gasolene Motor Co., Buf- 
falo 18, N. Y. 

Climax Engineering Co., Clinton, 
Iowa. 

Cooper-Bessemer Corp., Mount 
Vernon, Ohio. 

Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Til. 
Le Roi Co., 1706 S. 68th St., Mil- 
waukee 14, Wis. 

Worthington Pump & Machy. 
Corp., Harrison, N. J. 


ENGINES, SLUDGE GAS 
Cooper-Bessemer Corp., Mount 
Vernon, Ohio. 
Climax Engineering Co., Clinton, 
Iowa. 
Worthington Pump & Machy. 
J. 









New 
“isco. 











Corp., Harrison, N. 


EXPANSION JOINTS—PIPE 
(See Joints—Expansion, Pipe) 


EXHAUSTERS, AIR * 
(See Pump, Vacuum) . 


FANS, EXHAUST AND 
VENTILATING 

Jeffrey Mfg. Co., The, 968-99 N. 
4th St., Columbus 16, Ohio. 
Lakeside Engineering Corp., 222 
W. Adams St., Chicago, II. 

Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade Sts., 
Pittsburgh, Pa. 


FEED, CHEMICAL 
(See Chemical Feeding Equipment.) 


FEED WATER FILTERS 

Chemical Equipment Co., P. 0. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 








Everson Filter Service Co., 214 W. 
Huron 8t., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infilco, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams S8t., Chicago, Ill. 

F. B. Leopold Co., Inc., 422 First 
Ave., Pittsburgh, Pa, 

Permutit Co., 330 W. 42nd St., 
New York 18, N. ¥. 

ape Filter Mfg. Co., Darby, 


Ross Valve Mfg. Co., P. 0. Box 
595, Troy, N. Y. 

Worthington Pump & Machinery 
Corp., Harrison, N. J. 


FEED WATER HEATERS 


Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 

Worthington Pump & Machy. 
Corp., Harrison, N. J. 


FERRIC CHLORIDE 


Chem-Feeds,  Inc., 77 Reservoir 
Ave., Providence, R. I. 
Diamond Alkali Co., Pittsburgh, 


Pa. 

Dow Chemical Co., Midland, Mich. 

Everson Mfg. Co., 214 W. Huron 
St., Chicago, Ill. 

General Chemical Co., 40 Rector 
St., New York City. 

Great Western Division, Dow Chem- 
ical Co., 310 Sansome St., San 
Francisco, Calif. 

Hooker Electrochemical Co., Buf- 
falo Ave. and Ward St., Niagara 
Falls, N. Y. 


Innis, Speiden & oo 117 Liberty | 


St., New York City. 

Penn. Salt Mfg. Co., Widener 
Blidg., Philadelphia 7, Pa. 
(Liquid.) 

Wallace & Tiernan Co., Inc., New- 
ark, N. J. 


FERRIC CHLORIDE FEEDERS 


(See Chemical Feed and Propor- 
tioning Equipment) 


FERRIC SULFATE 


sayoenate Chemical Co., St. Louis, 

DMO. 

Monsanto Chemical Co. Merrimac 
Div., Boston, Mass. 

L. A. Salomon & Bro. 216 Pearl 
St.. New York City. 

Tennessee Corp., 621 Grant Bldg., 
Atlanta. Ga. 


FERROUS SULFATE 
Geneeal Chemical Co., 40 Rector 
St., New York City. 
Innis, Speiden & Co., 117 Liberty 
St., New York City. 
E. M. Sergeant Pulp & Chemical 
Co., Inc., 7 Dey St., New York 
> & ue 


FIBRE PIPE 
(See Pipe, Fibre) 


FILTER ALUM 
Activated Alum Corp., Curtis Bay, 
Baltimore, Md. 
General Chemical Co., 40 Rector 
St., New York 6, N. Y. 
Monsanto Chemical Co., St. Louis, 


Monsanto Chemical Co., Merrimac 
Div., Boston, Mass. 
Penn Salt Mfg. Co., Widener Bldg., 
PhiladeJphia 7, Pa. 
E. M. Sergeant Pulp & Chemical 
ges Inc., 7 Dey St., New York 
N.Y 


sernet Brumley Corp., 516 N. 
Charles St., Baltimore 1, Md. 


FILTERING EQUIPMENT 
The American Well Works, Aurora, 
Ill 


Builders-Providence, Inc., 9 Codding 
St., Providence, R. I. 

Ralph B. Carter Co., 53 Park PIl., 
New York City 

Chain Belt Co., i610 W. Bruce St., 
Milwaukee 4, Wis. 

Chemical Equipment Co., P. 0O. 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 

R. D. Cole Mfg. Co., Newnan, Ga. 

The Eimco Corp., P. 0. Box 300, 
Salt Lake City, Utah. 

Everson Filter Service Co., 214 W. 
Huron St., Chicago, Il. 

Pacific Flush-Tank Co., 4241 
Ravenswood Ave., Chicago 3, Ill. 

General American Process Equip- 
ment, 420 Lexington Ave., New 
York 17, N. Y. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Hardinge Co., Inc., York, Pa. | 

Intileo, Inc., 325 W. 25th PIl., Chi- 

cage, Ill. 


Lakeside Pngrg. Corp., 222 W. 
Adams S&t., Chicago, Ill. 

y Leopold Co., Inc., 422 First 
Ave., Pittsburgh, Pa. 

Norwood Engr. Co., 25 N. Maple 

| St., Florence, Mass. 

Oliver United Filter, Inc., New 
York City. 

Permutit Co., 830 W. 42nd St., 
New York 18, N. Y. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 

Proportioneers, Inc., ” Codding 
St., Providence, R. 

Roberts Filter Mfg. bo. Darby, 
Pa. 

Sanequipment Engr. Co., 2843 
Whitewood Drive, Ann Arbor, 
Mich, 

Simplex Valve & Meter Co., 68th 
eae Upland Sts., Philadelphia, 


a. 

Stuart Brumley Corp., 516 N. 
Charles St., Baltimore 1, Md. 
Worthington Pump & Machinery 

Corp., Harrison, N. J. 





FILTER PLATES AND TUBES 
Cogpeqentnes Co., Perth Amboy, 


Chicago Pump Co., 2336 Wolfram 
St., Chicago, IL. 


FILTER RATE CONTROLLERS 
& GAGES 
(See Rate Controllers.) 





| 

| 

| FILTER UNDERDRAINS 

| SEWAGE 

| wy, Soe Well Works, Aurora, 
| 

| 

| 


Chemical Equipment Co., P. O. 
Box 3098, Terminal ‘Annex, Los 
Angeles 12, Calif. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago 16, Ill. 

Nat’l Clay Pipe Mfrs., Inc., 111 
W. Washington St., Chicago, Ill. 


FILTER UNDERDRAINS, 
WATER 


Carborundum Co., Niagara Falls, 


Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, III. 

Chemical Equipment Co., P. O. 
Box 3098, Terminal Annex. Los 
Angeles 12, Calif. 

Everson Filter Service Co., 214 W. 
Huron St., Chicago, Ill. 

| Graver Tank & Mfg. Co., Inc., 

East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, III. 

F. B, Leopold Co., Inc., 422 First 
Ave., Pittsburgh, Pa. 

C. T. McFarland Co., 523 Dwight 
Bldg., Kansas City, Mo. 

Nat'l Clay Pipe Mfrs., Ine., 111 
W. Washington St., Chicago, Tl. 

Permutit Co., 330 W. 42nd St., 
New York 18, N. 

sees Filter Mfg. Co., Darby, 
a 


FILTER WASH CONTROL 


Builders-Providence, Inc., ° Cod- 
ding St., Providence, R. 

The Fimco Corp., P. O. a 300, 
Salt Lake City, Utah. 

Everson Filter Service Co., 214 W. 
Huron St., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Hardinge Co., Inc., York, Pa. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill 

Permutit Co.. a W. 42nd St., 
York 18, N. Y. 

Simplex Valve & Meter Co., 68th 
mg Upland Sts., Philadelphia, 
a. 


FIRST AID KITS 
Mine Safety Appliance Co., Brad- 
dock, Thomas and Meade Sts., 

Pittsburgh, Pa. 


FISH SCREEN 
Electric Fish Screen Co., Holly- 
wood 45, Calif. 


FITTINGS, PIPE, SOLDER TYPE 
American Brass Co., Waterbury, 
Conn. 

American Smelting and Refining 
Co., 120 Broadway, New York 


City. 

Bridgeport Brass Co., Bridgeport 
2, Conn, 

Hays Mfg. Co., Erie, Pa. 

= Brass Co., Port Huron, 

ich, 

Northrup & Co., Inc., 50 Church 

St., New York 7, N. Y¥. 


FITTINGS, TEES, ELLS, ETC. 
American Cast Iron Pipe Co., 
Birmingham, Ala. 
Bridgeport Brass Co., Bridgeport 





2, Conn. 
Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 
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Carson-Cadillac Oorp., Birming- 
ham, a. 

The Central Foundry Co., 386 
Fourth Ave., New York, N. Y. 
Clow & Sons, James B., 201 N. 

Talman Ave., Chicago, Ill. 
Dresser Mfg. Div., Bradford, Pa. 
Grinnell Co., Inc., W. Bx- 

change 8t., Providence, > & 
Hays | Co., Erie, Pa. 
M& alve ‘& Fittings Co., an 
niston, Ala. 
—— Brass ©o., Port Huron, 


Mueller Co., Decatur, III. 

Nat’l Clay Pipe Mfrs., Ine., 111 
W. Washington 8t., Chicago, Ill. 

Northrup & Co., Inc., 50 Church 
St., New York z. N. Y¥. 

Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 
26, Los Angeles 31, Calif. 

Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 

U. S. Pipe & Foundry Co., Bur- 
lington, N. J. 

Victaulic Co. of America, 30 Rock- 
efeller Plaza, New York, N. Y. 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut St.. 
Philadelphia, Pa. 


FLASH MIXING EQUIPMENT 
(See Mixers & Mixing Equipment) 


| FLEXIBLE JOINTS 


(See Joints, Flexible Pipe.) 


FLOATING COVERS (Digester) 


Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Il. 


FLOCCULATING EQUIPMENT 
The American Well Works, Aurora, 
Ill 


Carborundum Co., Niagara Falls, 
Ralph B. Carter Co., 53 Park PIl., 


Chain Belt Co., Milwaukee, Wis. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Til. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Oo., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi 
cago, Ill. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside’ Engrg. Corp., 222 W. 
Adams St., Chicago, Ill 

Lapp Insulator Co., Le Roy, N. Y. 

F. B. Leopold Co., #22 First Ave., 
Pittsburgh, Pa. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Omega Machine Co., Inc., 9 Cod- 
ding St., Providence 1, R. I. 
Permutit Co., 330 W. "42nd St., 

New York mM Ss 
Proportioneers, Inc. «+» 9 Codding St.. 
Providence, R. 
Roberts Filter Mfg. Co., Darby. 


Pa. 
Stuart-Brumley Corp., 516 N. 
Charles St., Baltimore, Md. 
Vogt Mfg. Co., Louisville, Ky. 
Wallace & Tiernan Co., Inc., New- 
ark 1, N. J. 
Yeomans Bros. Co., 1428 N. Day-. 
ton St., Chicago 22, Ill. 


FLOOR STANDS 


American Car & Fdy. Co., 30 
Church St., New York 8, N. Y. 

Eddy Valve Co., Waterford, Me. ee 

— Hunt Machine Co., Orange, 

Infilco, Inc., 323 W. 25th Pl., Chi- 
eago 16, Ill. 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, lowa. 

F. B. Leopold Co., 422 First Ave., 
Pittsburgh, Pa 

lneer Valve Mfg. Co., Troy. 


M & H Valve & Fittings Co., An- 
niston, Ala. 

Mueller Co., Chattanooga, Tenn. 

Merco Nordstrom Valve Co., Lex- 
ington Ave., Pittsburgh, Pa. 

Rensselaer Valve Co., Troy, N. Y. 

The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., B. Orange, N. J. 

he Brothers Mfg. Co., Louisville, 

7. 
R. D. Wood Co., Philadelphia, Pa 


FLOW METERS 


American Meter Co., 60 B. 42nd 
St., New York City. 

Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Obio. 

Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 

Foxboro Co., Foxboro, Mass. 

Graver Tank & Mfg. Co., Ine., 
East Chicago, Ind. 

a oy & Co., Inc., 50 Church 

ew York 7, N. Y. 
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>, Co. oe ¥ 42nd 8t., GAS MASKS (Cannister and Hose) Dorr Co., 570 Lexington Ave., New | INSULATION 
mR. # Hh ‘lee @ Mine Safety Appliances Co., Brad- York City. Carborundum sl 
. P ower UCorp., dock, Thomas and Meade Sts., Graver Tank & Mfg. Co., Inc., Co., Perth 4 mE 
Connersville, Ind. ~ ~- East Chicago, Ind J. mboy, 
. : : Pittsburgh, Pa. go, ind. Fon Met (tee 
os Valve & Meter Co., Phila- Infileo, Ine., 325 W. 25th Pl., Chi- (Water Meta) oo" Wabash, Ing BD 
elphia, . . . . * eago, Il. er 
R. W. Sparling, Box 3277 Terminal | GAS PURIFICATION Jeffrey Mfg. Co., Columbus, Ohio. Johns-Manville, 22 g. 40th st U 
Annex, Los Angeles, Calif. a | ee. Gas Construction Co., ——— Engineering Corp., 222 York City, » New = 
553 fine St., Cincinnati 16, . Adams St., Chicago, Il. 7 ( 
FLOW RECORDERS Ohio. ay Co., a PL Hunting -—~ ee 
: ar ve., Phil: , Pa. e ~ . 
(See Rate of Flow Recorders) | GATES, ROLLER Ave hiladelphia 40, Pa Sulfat e Sulfate, or Ferrous woes 
FLOW REGULATORS | a Geae y, Machine Co., | GUNITING CONTRACTING JOINTING COMPOUND AND (See 
(See Rate of Flow Controllers) oe Pe sii ania MATERIALS ; N 
GATES, SHEAR iia Atlas Mineral Prod. Co., Mertz = 
FLUMES, IRON & STEEL Chapman Valve Mfg. Co., 208 | HOSE, STEAM, AIR, WATER, 3." Gan, , ; me 
Armco Drainage Products Assp., Hampshire St., Indian Orchard, SUCTION st. Les Angeles 1 cane tem Bul 
Middletown, Ohio. oe 
ean Bridge oe Compens, Eddy Valve Co., Waterford, N. Y. American Brass Co., Waterbury, Grinsell e- pitt, 260 W. Ex. x 
) omnnte “hicage R » a , ence, 
- McCormick Bldg., Chicago, soon? Mz a — = Bridgeport Brass Co., Bridgeport Hydraulic _ Development ‘ont 50 = 
= ta. | Towa Valve Co., Hubbell Bldg., Pa. = New York City, 
B.D. Oslo Mfe. Cn, Hugues, ¢ a. | RR iy Bason ‘Corp. 49 D St., So. Boston, ~~ - Philadelphia, Pa. us 
Poe —— . , - oF sdk falve Mfg. %., T ° as . » ~" 50 y 
7 - eeaae. Ind . eienis a my Valve ifg Co Troy Gardner-Denver Co., Quincy, Ill. St., New York 7, y. Chureh sim 
ow funt Machine Co., Orange, | M & H Valve & Fittings Co —— & . Inc., 4 Church Pacific — Tank Oe.. 4241 Re Vap 
— : . : } ” t., New York 7, N. Y. venswoo ve., Chicag : 
Weate Soile . i | Anniston, Ala. — . ; » go, Ill. 
—_. 7 — Bay a Mueller Co., Ohattanooga, Tenn. ag aaa Co., Michigan ag HF ice. 1000 Widener N 
, ition thelaan  o “es Rensselaer Valve Co., Troy, N. Y. ity, Indiana. , delphia 7, Pa 
gh-De Mo ‘ 8S 4 ® 
I peg .. Me ines teel Co., Veat Brothers Mfs. Ce., Louis- es a | & Chemical Corp. -» Mer. MEA! 
oslo ville, Ky. HYDRANT PUMPS ina Bank Bidg., Indianapolis, "(Be 
SO Ee ea | B.D. Wood Co., 400 Chestnut St., a - 
FOOT VALVE WITH STRAINER | Philadelphia, Pa. (See Pumps, Hydrant) Rensselaer Valve Co., Troy, N.Y 
(See Valves, Foot) | Servicised Products Corp. 605} MET’ 
| GATES, SLUICE | HYDRANTS (Fire) West 65th St., Chicago, in, HO 
| a . 
FORMS & GASKETS FOR Armco Drainage Products Assn., The Chapman Valve Mfg. Co., In- NTS, EX Bad 
PIPE JOINTS Middletown, Ohio. dian Orchard, Mass. JOINTS, EXPANSION—PIPE Che 
. ile. 2 E . - Chapman Valve Mfg. Co., 203 Eddy Valve Co., Waterford, N. Y. Amer. Cast Iron Pipe Co., Bi; T 
oe _— Cit 22 EB. 40th St., | Hampshire St., Indian Orchard, Iowa Valve Co., Hubbell Bldg., , ee. Ala Fox 
ew Yor y. - Mass. Des Moines, Ia. Automatic Control Div., Climax For 
L. A. Weston, Adams, Mass Rodney Hunt Machine Co., Orange, Ludlow Valve Mfg. Co., Troy, ee, joe S. Western Ave., Met 
Mass. Y | « | 
FURNACES, MELTING, POUR- | [Iowa Valve Co., Hubbell Bldg., M Ne H Valve & Fittings Co., | Central Foundry Co., 386 Fourth Mut 
ING LADLES, POTS, ETC. Des Moines, Iowa. |. Asaistes, Ale iy Pay Vy 7S 2 Nat 
ine cts C ots Ludlow Valve Mfg. Co., Troy, | Mueller Co., Decatur, Ill. — ° ws 1 NX, 
Atios IMiperal Products Co., Mertz- | “. y. alve - 0 | Rensselaer Valve Co., Troy, N. x. mF pene. i. li 
ie Rensinnene Yo 5 Mueller Co., Chattanooga, Tenn. The A. P. Smith Mfg. Co., 545 N. se z iv radford, Pa, Nor 
~~} Re ‘a , Rensselaer Valve Co., Troy, N. Y. | Arlington Ave., E. Orange, N. J. —_ Mfg. Co., 1783 East 11th $ 
Mueller Co., Decatur, Ill 3 S. Morgan Smith Co., York, Pa. vest weethers Ming. Os., Leweville. ja Sen. = P. 0. Bo _ 
ae c.. 50 Churct : +9. Box d 
NG New York 1X. ¥. | GATE VALVE OPERATOR B.D. Wood Co., 400 Chestnut 8t., ae canat Srenge, B.. 2. L 
» Ow = ve : ro angen — a Philadelphia, Pa. Nat'l Clay Pipe Mfrs., Ine., 111 Pitt 
| tensselaer Valve Co., Troy, N. Y. | W. Washington St., Chica ll ; 
GAGES (Liquid Level, Pressure . ’ ’ ‘ — ‘ U. 8S. Pipe & Foundry Co. 'B < L 
Kecording) | GATE VALVES SS lington, N. J. ibaa 
American Meter Co., 60 E. 42nd (See Valves, Gate) GATE VALVES Warren Foundry & Pipe Co., 11 MET 
St., New York City. (See Valves, Gate) 2 ew, a York City Am 
Bailey Meter Co., 1072 Ivanhoe GEARS, SPEED REDUCING ’ . 00 0., 400 Chestuat St., 8 
Rd.. Cleveland, Obio. ao Sanat Oe Sabian Go.. See HYDROGEN ION EQUIPMENT Philadelphia, Pa. m. 
Builders-Providence, Inc., 9 Cod- | hy Steam Turbine Co. “_e (See pH Test Equipment.) . 7 - k 
ding St., Providence, R. I Jeffrey Mfe. Oc.. Columbus, Obie. JOINTS, MECHANICAL, For 
— = ~ 214 W. Huron Link-Belt Co., 2045 W. Hunting | HYPO-CHLORINATORS FLEXIBLE Ha} 
Infileo, Inc.. 825 W. 25th Pl., Chi Park Ave., Philadelphia, Pa. Chem-Feeds-Inc., 77 Reservoir Ave., American Cast Iron Pipe Co., Bir. Her 
cago. Ill. as ites _ Worthington Pump & Machy. Corp., Providence, mingham, Ala. s 
Leupold & Stevens Instruments Harrison, N. J. Chemical Equipment Co., P. 0. Auomase a Div., Climax In- Mur 
4445 N. E. Glisan St., Portland Box 30098, Terminal Annex, Los dustries, 1949 S. Western Ave, Ney 
a ite ' GENERATOR SETS, GAS & Angeles 12, Calif. Chicago, Ill. S 
Northrop & Co., Inc., 50 Church DIESEL ENGINES Everson Filter Service Co., 214 W. —— Corp.,  Birming Nor 
4 . oe oe ae eeien Ganenett ini H St., Chicago, Ill. am, . 
St., New York 7, N. ¥. (Pres (See Engine Generating Units) oan —- - Mfz. Ge.. Ine. Central gouty hs, 386 Fourth aa 
Pacific Flush-Tank Co., 4241 Ra- | G -NECKS East Chicago, Ind. a, ime a yi a 
nls yp Sy bas 4 * GOOSENEK KS ai ; 1~. |  Infileo, Inc., 325 W. Sth Pl. Chi- Chicago Pump Co., 2349 Wolfram ay 
o Valve & M Co’. 68 Grinnell Co., Inc., 260 W. Ex- cago, Ill St., Chicago, Ill. Pitt 
Simplex Valve & Meter Co., 65th change St., Providence, R. I. co | 292 Clow & Sons, James B., 201 NX. 
& Upland Sts., Philadelphia, Pa. | , A ber Lakeside Engineering Corp., 22 
I ors., pals, SS. | Hays Mfg. Co., Erie, Pa. y . ‘hie 1 Talman Ave., Chicago, II. 
Vapor Recovery Systems Co., 2820 f W. Adams St., Chicago, Ill. ° 
DP y : vo oe Mueller Co., Decatur, Ill. aun tan . R N. ¥ Dresser Mfg. Div., Bradford, Pa. 
N. Alameda 8t., Compton, Calif. ; a 0 Lapp Insulator Co., Le Roy, } ° MET 
Wallace & T! toe. wow. | Northrop & Co., Inc., 50 Church Omega Mach. Co., Inc., 9 Codding Hays Mfg. Co., Erie, Pa. MET 
a gt ernan 0., cC., 3 New York 7, N. Re St., Providence 1, R. I. Lock Joint Pipe Co., P. 0. Bor Am 
ark, N. J The A. P. Smith Mfg. Co., 545 N ) , 269, East Orange, N. J. 3 
- “ 4 Permutit Co., , 330 W. 42nd St., New ec, Ss 
GARBAGE GRINDERS Arlington Ave., E. Orange, N. J. York 18, N. Y. Peerless Pump Division, Food Ma- Bai 
ee eae ) Phipps & Bird, Inc., 915 E. Cary chinery Corp., 301 W. Avenue R 
(See Grinders) GREEN SAND (Zeolite) St., Richmond, Va. pate —— +a 8 = Bui 
. sis iteanid . > . ttsburgh Equitable Meter Co., | 
. en Chemical Equipment Co., P. 0. Box Proportioneers, Inc., 9 Codding St., a 
GAS DIFFUSERS 3098, Terminal Annex, Los An Providence, R. I. .".-ya ro ~ sic 
The American Well Works, Aurora, geles 12, Calif. Wallace & Tiernan Co., Newark 1, ep Waa Co., Burling: L 
Il Graver Tank & Mfg. Co., Ine., N N Roo 
Carborundum Co., Perth Amboy, Fast Chicago, Ind. Vietautic Co. of ag had i © 
N. J. Infileo, Inc., 325 W. 25th Pl., Chi HYPOCHLORITES (High Test) efeller Plasa, New >. aon Sim 
Chicago Pump Co., 2336 Wolfram cago, Ill. ‘ale Warren Foundry & Pipe Corp., & 
: ‘ — . (See Calcium Hypochlorite) Broadway, New York City 
St., Chicago, Il. Lakeside Engineering Corp., 222 y, hest it St 
Dorr Co., 570 Lexington Ave., New W. Adams 8St., Chicago, Ill, Cc ; 3 R. D. Wood Co.. 400 Chestgut St, 
York City Permutit Co., 330 W. 42nd St., INCINERATORS Philadelphia, Pa. MET: 
Vogt Mfg. Co., Louisville, Ky. York 18, N. Y. DOr Co nea er? Lexington Ave.. | suTE, BRAIDED AND TWISTED Am 
ob Mfg. ., Darby, } ork City. ts : 
GAS ENGINES 7 Filter Mfg. Co., Darny Morse Boulger Destructor Co., 205 —- Mineral Prod. Co., Mertztown, oa 
(See Engines, Gas & Gasoline) Zeolite Chemical Co., 140 Cedar _f. 42nd St., New York City: 50 
‘ Engines, Gas & Gs New York 6. Y Nichols Engr. & Research Corp., Hydraulte Development Oorp., | For 
— 60 Wall Tower, New “York Church St., New York Ow. Her 
GAS HOLDERS GRINDERS. GARBAGE & City. Johns-Manville, 22 E. 40th St., 3 
Chicago Bridge & Iron Company, SCREENINGS _ Pittsburgh-Des Moines Steel Co., e York City. at oon Nat 
21! y ick , “hicago : ee t h, i Northru ©., Ine., & . 
eg McCormick Bidg., Chicago, Ralph B. Carter Co., 538 Park PIl., rules ° St.. —& York 7, N. Y. 2 
, a — “en New York City. NDIC : “ , 
R. D. Cole Mfg. Co. Newnan, Ge. | chain Belt Co., 1610 W. Bruce St.. | “SURUMINATED SO” LABORATORY APPARATUS Ne 
Re ‘hicago. Ind. ‘ - Milwaukee 4, Wis. they aoa " AND REAGEN § 
Pittaburgb-Dee ‘lee Steel Co., Chicago Pump Co., 2349 Wolfram ~“— Pod 0 — Chemlab Specialties Co., 52 Alvt ‘s 
Pittsburgh, Pa. St., | Chicago, rt . 7 Builders-Providence “Ine., 9 Cod- rado Road. Berkeley, Calif - 
The Stacey Bros. Gas Construction Dorr Co., 570 Lexington Ave., New dine &t.. Providence. &. I Fleischer Chem. Co., P. Bor Pee 
Co., 55385 Vine § ‘Mncinnati York City. Ng Tigh He ogg agg 616, Washington 4, D. 0. ¢ 
J0., DK ne St., Cincinnati Gene tlectric Co se Foxboro Co., Foxboro, Mass. . 4 : 2 
16. O} jeneral Electric Co. (household), General Chemical Co., 40 Rector 2 
5, Ohio Bridgeport, Conn. Infilco, _ 325 W. 25th Pl., Chi- St.. New York 6, N. Y. Pit 
-AS . SPECT : Gruendler Crusher & Pulverizer Co.., cago, . ig ; 
aay SREP ECSION ‘2915 'N Market St “i tee Leupold & Stevens Instruments, — oe. By Northera Bivd., m 
: , Mo soles 4445 N. E. Glisan St., Portland ae ve! Ange | 
Senne ene. Goa Constrectin Oc Mo. ’ 13. Ore Nat'l Technical Labs, Los Ané N 
6 5535 Wien ae , ; ~e 16. Jeffrey Mfg. Co., Columbus, Ohio or» re. les, Calif. 
—— — Link-Belt Co., 2045 Hunting Park Simplex Valve & Meter Co., 68th Permutit Co., 330 W. 42nd %. ME 
hilo Ave., Philadelphia, Pa. & Upland Sts., Philadelphia, Pa. New York City ane 
; on H. K. Porter Co., Inc., 49th and R. W. Sparling, Box 3277 Terminal Phipps & Bird, Inc., Sixth & Bai 
GAS INDICATORS AND Harrison Sts., Pittsburgh, Pa Annex, Los Angeles, Calif. Byrd, Richmond va. i 
DETECTORS = acai, dae W. A. Taylor & Co., 7300 York Bui 
Mine Safety Appliances Co., Brad- | GRIT CHAMBER EQUIPMENT INSTRUMENTS (Surveying, Rd., Baltimore, Md d 
dock, Thomas and Meade Sts., The American Well Works, Aurora, Hydrographic and Navigation) Wallace & Tiernan Oo., Inc., New Inf 
Pittsburgh, Pa. Ill. Leupold & Stevens Instruments, ark 1, N. J. ¢ 
Pacific Flush Tank Co., 4241 Chain Belt Co., 1610 W. Bruce 4445 N. E. Glisan St., Portland Wilson Chemical Feeders, Inc., 204 Sim 
Ravenswood Ave., Chieago, IU. St., Milwaukee 4, Wis. 13, Oregon. Clinton St., Buffalo, N. Y. U 
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[BAK LUCATING INSTRU- 
gee Water Leak Locating Instru- 
' ments) 
UID CHLORINE 
.? Chlorine, Liquid.) 


ocaTORS, BOX, PIPE AND 


LVE 
= Respective Headings. ) 


L 


NOMETERS 
oo Meter ©o., 1072 Ivanhoe 
Rd., Oleveland, Ohio. ‘4 
Builders-Providence, Inc., 9 Cod- 

ding St., Providence, R. I. 
Foxboro Co., Foxboro, Mass. , 
Infileo, Inc., 325 W. 25th Pl., Chi- 


ase e Engineering Corp., 222 W. 
Adams St., Chicago, Ill. 

simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 
Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, Calif. 


MEASURING INSTRUMENTS 
(See Instruments.) 


sR ACCESSORIES, BOXES, 
METT SING SETTING, ETC. 
Meter Co., Milwaukee, Wis. 
. Sons, James B., 201 N. 
Talman Ave., Chicago, Il, 
Foxboro Co., Foxboro, Mass. 
Ford Meter Box Co., Wabash, Ind. 
Meter Specialty Co., 1332 N. Tth 
” Ste, Memphis, Tean. i 
Co., Decatur, , 
worl Clay Pipe Mfrs., Inc., 111 
“ W. Washington St., Chicago, Il- 
mm & Co., Inc., 50 Church 
St.. New York 7, N. : 
Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 26, 
Los Angeles 31, Calif. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 


METER COUPLINGS & YOKES 
American Meter Co., 60 E. 42nd 
St. New York City. 

Badger Meter Mfg. Co., Milwau- 
kee, Wis. 

Ford Meter Box Co., Wabash, Ind. 
Hays Mfg. Co., Erie, Pa. 

Hersey Mfg. Co., E and First Sts., 
South Boston 21, Mass. 

Mueller Co., Decatur, Ill. 

Neptune Meter Co., 50 West 50th 
St., New York City. 

Northrop & Co., Inc., 
St., New York 7, N. Y¥ 


50 Church 


Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 
26, Los Angeles 31, Calif. 


Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 


METERS, GAS 
American Meter Co., 
St., New York City. 
Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, ‘ 
Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 


60 E, 42nd 


Roots-Connersville Blower Corp., 
Connersville, Ind. 
Simplex Valve & Meter Co., 68th 


& Upland Sts., Philadelphia, Pa. 


METER TESTING EQUIPMENT 


American Meter Co., 60 E. 42nd 
St., New York City. 

Badger Meter Mfg. Co., Milwau- 
kee, Wis. 

Ford Meter Box Co., Wabash, Ind. 

Hersey Mfg. Co.. E and First Sts., 
South Boston 21, Mass. 

National Meter Division of Pitts- 
burgh Equitable Meter Co., 4259 
First Ave., Brooklyn, N. Y. 











Neptune Meter Co., 50 W. 50th 
St., New York City. 
Northrop & Co., Ine., 50 Church 


St., New York 7, N. Y. ° 
Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 
26, Los Angeles 31, Calif. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
Worthington -Gamon Meter Co., 
Newark, N. J. 


METERS, VENTURI 

Bailey Meter Co., 1072 Invanhoe 
Rd., Cleveland, Ohio. 
Builders-Providence, Inc., 
ding St., Providence, R. I. 
Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Simplex Valve & Meter Co., 68th & 

Upham Sts., Philadelphia, Pa. 


9 Cod- 











METERS, WATER & SEWAGE 


American Meter Co., 60 E. 42nd 
St. New York City. 
Badger Meter Mfg. Co., 

kee, Wis. 

Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 
Builders-Providence, Inc., 9 Cod- 

ding St., Providence, R. I. 

Everson Mfg. Co., 214 W. Huron 
St., Chicago, Ill. 

Hersey Mfg. Co., B and First Sts., 
South Boston 21, Mass. 

Infileco, Inc., 325 W. 25th PL, Chi- 
cago, Ill. 

Neptune Meter Co., 50 W. 50th St., 
New York City. 

Peerless Pump Division, Food Ma- 
chinery Corp-, 301 W. Avenue 
26, Los Angeles 31, Calif. 

Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 

Proportioneers, Inc., 9 Codding 
St., Providence, R. I. 

Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 

R. W. Sparling, Box 3277 Termi- 
nal Annex, Los Angeles, Calif. 

Worthington -Gamon Meter Co., 
Newark, N. J 


Milwau- 


METER WASHERS 


Mabbs Hydraulic Packing Co., 431 
S. Dearborn St., Chicago, Il). 


MIXERS AND MIXING 


EQUIPMENT 

(Chemical, Water, and Sewage) 

Te Sree Well Works, Aurora, 

a “ae Co., Perth Amboy, 
N. J. 

Ralph B. Carter Co., 53 Park 
Place, New York City. 

Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 

Chemical Equipment Co., P. 0. 
Box 38098, Terminal Annex, Los 
Angeles 12, Calif. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Dorr Co., 570 Lexington 
New York City. 

Bimco Corp., 634 S. Fourth West 
St., Salt Lake City 8, Utah. 

Everson Filter Service Co., 214 W. 
Huron S8t., Chicago, Ill. 

General American Process Equip- 


Ave., 


ment, 420 Lexington Ave., New 
York 17, N.. ¥. 
Graver Tank & Mfg. Co., Inc., 


East Chicago, Ind. 
Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, 


Mo. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 222 A 
Adams St., Chicago, Il. 

Lapp Insulator Co., Le Roy, N. Y. 

F. B. Leopold Co., 422 First Ave., 
Pittsburgh, Pa. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 

Omega Mach. Co., Inc., 9 Codding 
St., Providence 1, R. I. 

Permutit Co., 330 W. 42nd St. 
New York 18, N. Y. 

H. K. Porter Co., Inc., 1932 Ol- 
iver Bldg., Pittsburgh 22, Pa. 

Roberts Filter Mfg. Co., Darby, 
Pa. 

Vogt Mfg. Co., Louisville, Ky. 

Wallace & Tiernan Co., 
Newark, N. J. 


Inc., 


MOTORS, ELECTRIC 


Allis - Chalmers Co., Milwaukee, 
Wis. 


Fairbanks, Morse & Co., 600 8. 
Michigan Ave., Chicago 5, Ill. 
General Electric Co., Schenectady, 


Me Se 

Westinghouse Electric & Mfg. Co., 
P. O. Box 868, Pittsburgh 30, 
Pa. 


NIPPLES, PIPE 


American Hard Rubber Co., 11 
Mercer St., New York 13, N. Y. 

A. M. Byers Co., Pittsburgh, Pa. 

Clow & Sons, James B., 201 N 
Talman Ave.. Chicago, Il. 


Dresser Mfg. Co. Div., Bradford, 
Pa. 

Grinnell Co., Inc., 260 W. Ex- 
change St., Providence, R. I. 

Hays Mfg. Co., Erie, Pa. 

Mueller Brass Co., Port Huron, 
Mich. 


Mueller Co., Decatur, Il. 
Northrop & Co., Ine., 50 Church 
St., New York, N. Y. 


NO-OX-ID 


Dearborn Chemical Cv., 310 8 
Michigan Ave., Chicagy, Il. 


NOZZLES, FLOW 


Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 








| 





9 Cod- 
Providence, R. I. 
2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 
Simplex Valve & Meter Co., 68th & 


Builders-Providence, Inc., 
ding St., 


Link-Belt Co., 


Upland Sts., Philadelphia, Pa. 


NOZZLES, SPRAY 

Bean-Cutler Div’n, Food Machin- 
ery Corp., 217 W. Julian St., 
San Jose 5, Calif. 

Chain Belt Co., Milwaukee, Wis. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 


cago, Ill. 
Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 
Link-Belt Co., 2045 W. Hunting 


Park Ave., Philadelphia 40, Pa. 


Mueller Brass Co., Port Huron, 
Mich. 
Pacific Flush Tank Co., 4241 


Ravenswood Ave., Chicago, Il. 
Yeomans Bros, Co., 1433 N. Dayton 
St., Chicago 22, Ill, 


OPERATING TABLES (Filter) 
Infileo, Inc., 325 W. 25th Pl., Chi- 


eago, Ill, 

F. B. Leopold Co., 422 First Ave., 
Pittsburgh, Pa. 

Permutit Co., 330 W. 42nd S&St., 
New York 18, N. Y. 

Roberts Filter Mfg. Co., Darby, 


Pa. 
Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 


ORIFICES 
Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 
Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 
Infilco, Inec., 325 W. 25th Pl., Chi- 


cago 16, Il. 
Simplex Valve & Meter Co., 68th & 


Upland Sts., Philadelphia, Pa. 
PACKING 
Johns-Manville, 22 E. 40th St., New 
York City. 
Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 


PACKING, RAWHIDE 
Mabbs Hydraulic Packing Co., 431 
S. Dearborn St., Chicago, Il. 


PAINT, ACID RESISTING 
Atlas Mineral Prod. Co., 
town, Pa. 
General Paint Corp., 3091 Mayfield 
Rd., Cleveland, Ohio 
Monsanto Chemical Co., St. Louis, 


Mertz- 


0. 

Monsanto Chemical Co., Merrimac 
Div., Boston, Mass. 

Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia 7, Pa. 

Reilly Tar & Chemical Corp., Mer- 
chants Bank Bldg., Indianapolis, 
Ind, 


PENSTOCKS 

Chicago Bridge & Iron Co., 2198 
McCormick Bldg., Chicago, Il. 
. D. Cole Mfg. Co., Newnan, 


Ga. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Rodney Hunt Machine Co., Orange, 
Mass. 

Pittsburgh-Des Moines Co., 
Pittsburgh, Pa. 

The Stacey Bros, Gas Construction 
Co., 5535 Vine St., Cincinnati 
16, Ohio. 


pH TEST EQUIPMENT 
Graver Tank & Mfg. Co., 
East Chicago, Ind. 
Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y¥ 


Steel 


Inc., 


Infileo, Inc., 325 W. 25th Pl, 
Chicago, Il. 

Beckman Instruments Div., Na- 
tional Technical Laboratories, 


So. Pasadena, Calif. 
Northrop & _Co., Inc., 50 Church 
St., New York, N. Y. 
Permutit Co., 330 W. 42nd St., 
New York 18, N. Y. 
Phipps & Bird, Inc., 303 S. 6th 
St., Richmond 5, Va. 
Proportioneers, Inc., 9 Codding 
St., Providence, R. I. 
W. A. Taylor & Co., 7300 York 
Rd., Baltimore, Md. 
Wallace & Tiernan Co., Inc., New- 
ark, N. J. 
PIPE AND TANK COATINGS 
Dearbern Chemical Co., 310 8. 
Michigan Ave., Chicago, Ill. 
General Paint Corp., 3091 Mayfield 
Rd., Cleveland, Ohio. 

Reilly Tar & Chemical Corp., Mer- 
chants Bank Bldg., Indianapolis, 
Ind. 


PIPE, 


PIPE 
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The Stacey Bros. Gas Construction 


Co., 5535 Vine S8t., Cincinnati 
16, Ohio. 
Stuart Brumley Corp., 516 N. 


Charles St., Baltimore 1, Md. 


PIPE, ASBESTOS-CEMENT 


Johns-Manville Co., 22 E. 40th 8t., 
New York City. 


PIPE BENDING MACHINES 


Hays Mfg. Co., Erie, Pa. 


PIPE, CAST IRON 


American Cast Iron Pipe Co., 
mingham, Ala. 

Central Foundry Co., 386 4th Ave., 
New York City. 

Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 

Hunt, Rodney, Machine Co., 
Orange, Mass. 

U. 8S. Pipe & 
lington, N. J. 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa, 


Bir- 


Foundry Co., Bur- 


PIPE, CEMENT LINED 


American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Central Foundry Co., 386 Fourth 
Ave., New York City. 

Centriline Corp., 140 Cedar St., 
New York City. 

Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Il. 

Preload Corp., 420 Lexington Ave., 
New York City. 

U. S. Pipe & Foundry Co., Bur- 
lington, N. J. 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut St., 

Philadelphia, Pa. 


PIPE, CEMENT LINING OF 


Centriline Corp., 140 Cedar S8t., 
New York City. 

Lock Joint Pipe ©o., P. 0. Box 
269, East Orange, N. J. 

Preload Corp., 420 Lexington Ave., 
New York City. 

Tate Pipe Linings, Inc., 47 Haver- 
hill St., Andover, Mass. 


CONCRETE, PRESSURE 


Lock Joint Pipe Co., P. 0. Box 
269, East Orange, N. J. 


PIPE, COPPER, BRASS AND 
BRONZE 


American Brass Co., Waterbury, 
onn. 

Bridgeport Brass Co., Bridgeport 
. Conn, 

Hays Mfg. Co., Erie, Pa. 

Mueller Brass Co., Port Huron, 
Mich, 

Mueller Co., Decatur, III. 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 


PIPE, CORRUGATED 


Armco Drainage Products Assn., 
Middletown, Ohio. 


PIPE, CULVERT 


Armco Drainage Products Assn., 
Middletown, Ohio. 
Cast Iron Pipe Research Assn., - 
122 S. Michigan Ave., Chicago. 
Central Foundry Co., 386 Fourth 
Ave., New York City. 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 
40th 


Johns-Manville, 22 BD. 8t., 
New York City. 

Lock Joint Pipe Co., P. O. Box 
269, East Orange, N. J. 

Nat’l Clay Pipe Mfrs., Inc., 111 


W. Washington St., Chicago, Il. 

Portland Cement Assn., 83 W. 
Grand Ave.. Chicago, Ill. 

U. 8. Pipe & Foundry Co., Bur- 
lington, N. J. 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 
es * ood Co., 400 Chestnut St., 
Philadelphia, Pa. 


PIPE CUTTING MACHINES 


Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 

Ridge Tool Co., Ohio. 

The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., EB. Orange, N. J. 


PIPE, DRILLS, JACKS AND 


PUSHERS 


Northrop & Co., Inc., 50 
St., New York City. 


ENAMELS, PROTECTIVE 
—COAL TAR 


General Paint Corp., 3091 Mayfield 
Rd., Cleveland, Ohio. 

Reilly Tar & Chemical Corp., Mer- 
aa Bank Bldg., Indianapolis, 
nd. 


Church 
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PIPE, FELT WRAPPING 
Dearporn Chemical Co., 310 8S. 
Michigan Ave., Chicago, Ill. 
General Paint Corp., 3001 Mayfield 


Rd., Cleveland, Ohio. 
Johns-Manville, 22 DB. 40th S8t., 
New York City. 
PIPE, FIBRE 
Fibre Co., Orangeburg, 


Conduit 


PIPE FITTINGS (See Fittings 
Pipe) 


PIPE—GALVANIZED, 
WEIGHT 
(Quick Coupling, Transportable for 
Conveying Water) 
Armco Drainage Products 
Middletown, Ohio. 
Champion Corp., Hammond, Ind. 


PIPE, HARD RUBBER LINED 


LIGHT- 


Assoc., 


American Hard Rubber Co., 11 
Mercer St., New York 13, N. Y. 
PIPE JOINT COMPOUNDS 
(See Jointing Compounds.) 
PIPE JOINTS (Mechanical) 
Automatic Control Div., Climax 
Industries, 1949 S. Western Ave., 
Chicago, Ill. 
Carson-Cadillac Corp., Birmingham, 
Ala. 
Central Foundry Co., 386 Fourth 
Ave., New York, N. ¥. 
Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Il. 
Dresser Mfg. Div., Bradford, Pa. 


Hays Mfg. Co., Erie, Pa. 

Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 
26, Los Angeles 31, Calif. 

Pittsburgh Equitable Meter Co., 
400 Lexington Ave., Pittsburgh, 
Pa 

Warren Foundry & Pipe Co., 11 
Broadway, New York City. 

L. A. Weston, Adams, Mass. 

R. D. Wood & Co., 400 Chestnut 
St., Philadelphia, Pa. 

U. 8. Pipe & Foundry Co., Bur- 
lington, N. J. 


PIPE JOINT TOOLS 
Atlas Mineral Products Co., Mertz- 
town, Pa. 
Hays Mfg. Co., Erie, Pa. 
Hydraulic Development Corp., 
Church St., New York City. 
Mueller Co., Decatur, Ill. 
Northrop & Co., Inc., 50 Church 
St., New York Bm. is 
Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 


50 


PIPE, LEAD LINED 

Nooter, John, Boiler Works Co., 

1410 8. 2nd St., St. Louis 4. Mo. 
PIPE LOCATORS 

Aqua Survey & Instrument Co., 
1409 Marlowe Ave., Cincinnati, 
Ohio 

Frank N. Blake, North Adams, 
Mass. 

Fisher Research Lab., 1961 Uni- 
versity Ave., Palo Alto, Calif. 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 

PIPE PUSHERS 

Northrop & Co., Inc., a J Church 
St., New York 7, 2} 

Hydrauger Corp., Ltd., lie New 
Montgomery St., San Francisco, 
Calif. 

PIPE, SEWER 


American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Am, Concrete Pipe Assn., 33 W. 
Grand Ave., Chicago, Ill. (Rein- 
forced Concrete.) 

Armco Drainage Products Assn., 


Middletown, Ohio. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Ill. 

Central Foundry Co., 386 Fourth 
Ave., New York City. 

Clow and Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 

Figse _ Conta Co., Orangeburg, 

Johns-Manviile, 22 EB. 40th St., New 
York City. 

Lock Joint Pipe Co., P. 0. Box 
269, East Orange, N. J. 

Nat'l Clay Pipe Mfrs., 111 W. 
Washington 8t., Chicagp, Ill. 


U. 8S. Pipe & Foundry Co., Bur- 
lington, N. J. 

Warren Foundry & Pipe Corp., 11 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut 8t., 
Philadelphia, Pa. 
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PIPE, STEEL (All Types) 

Armco Drainage & Metal Products, 
Inc., Middletown, 

American Locomotive Co., Alco 
Products Div., 30 Church St., 
New York 8, N. Y. 

American Rolling Mill Co., Mid- 


dletown, Ohio, 
Chicago Bridge & Iron Company, 
a McCormick Bldg. , Chicago, 


R. D. Cole Mfg. Co., Newnan, Ga. 
Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Grinnell Co., Ine., 260 W. Ex- 
change St., Providence, R. I. 
Nooter, John, Boiler Works Co., 
1410 8. 2nd St., St. Louis 4, Mo. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
The Stacey Bros. 
Co., %35 Vine St., 

16, Ohio. 


Gas Construction 
Cincinnati 


PIPE TAPPING 
Hays Mfg. Co., Erie, Pa. 
Mueller Co., Decatur, Ill. 

The A, P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 


MACHINES 


PIPE TEST PLUGS 
Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 
The Richmond Fdry. & Mfg. Co., 
Richmond, Va. 
The A. P. Smith Mfg. Co., 545 N. 


Arlington Ave., E. Orange, N. J. 
PIPE TOOLS (Cutters, Extrac- 
tors, Threaders, Wrenches, 

Ete.) 
Ridge Tool Co., Elyria, Ohio. 
Tucker Co., Inc., 75 Murray St., 


New York, N. Y. 


PIPE, VITRIFIED CLAY 


(See Vitrified Clay Pipe and 
Products.) 

PIPE, WRAPPING 

Dearborn Chemical Co., 310 §&. 
Michigan Ave., Chicago, Ill. 


General Paint Corp., 3091 Mayfield 


Rd., Cleveland, Ohio. 
Johns-Manville, 22 E. 40th §&St., 
New York City. 


| PIPE, WROUGHT IRON 





A. Wyckoff & Son Ce., Elmira, 
N. Y¥ 


A. M. Byers Co., 
Pittsburgh, Pa. 


Clark Bildg., 


PITOT TUBES 
Pitometer Company, 
New York City. 
Leupold & Stevens Instruments, 
4445 N. EB. Glisan St., Portland, 


Ore. 
Simplex Valve & Meter Co., 68th 


and Upland Sts., Philadelphia, 
Pa. 


PNEUMATIC CONVEYORS FOR 
p12 AND SEWAGE TREAT- 


Dracco Corp.. 


PNEUMATIC TOOLS 
Sullivan Mach. Co., Michigan City, 
Ind. 


POROUS TUBES AND PLATES 
Carborundum Co., Niagara Falls, 
me me 
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50 Church 8t., 


Cleveland, Ohio. 


Chicago Pump Co., 
St., Chicago, Ill. 


PRESSURE REGULATORS 
(See Regulators, Pressure) 


PROPORTIONING HKQUIPMENT 
(See Chemical Feed and Proportion- 


ing Equip.) 
PUMP PRIMERS 
Barrett, Haentjens & Co., Hazle- 
ton, Pa. 
Ralph B. Carter Co., 53 Park 
Place, New York City. 


Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

De Laval Steam Turbine Co., 
Trenton, N. 

Roots-Connersville Blower Corp., 


Connersville, Ind. 
Yeoman Bros. Co., 1433 N. Dayton 
St., Chicago 22, Ill. 


PUMPS, ACID-HANDLING 


American Hard Rubber Co., 11 
Mercer St., New York 18, N. Y. 


Aurora Pump Co., Aurora, Ill. 
Ralph B. Carter Co., 53 Park 
Place, New York City. 


Chemical Equipment Co., P. 0. Box 
3008, Terminal Annex, Los An- 
geles 12, Calif. 


PUMPS, 





Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 
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Dayton-Dowd Pumps, Peerless 
Pump Division, Inc., Quincy, 
Illinois. 

Infileo, Inc., 325 W. 25th Place, 
Chicago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 


Lapp Insulator Co., Le Roy, N. Y. 

Morris . Works, Baldwins- 
ville, Ze. 

Oliver "United Filters, New York 


Pomona Pump Co., 206 B. Com- 


mercial 8t., Pomona, Calif. 
Proportioneers, Inc., 9 Codding 
St., Providence, R. I. 


Quimby Pump Co., Div. H. K. 
Porter Co., 49th and Harrison 
Sts., Pittsburgh, Pa 

Simplex Valve & Meter Co., 68th 
e Upland §8ts., Philadelphia, 
a. 

Wallace 


& Tiernan Co., 
Newark, N. 


J. 
Worthington ts & Mach. Corp., 
Harrison, N. 
Yeoman Bros. Co.. ., 1433 N. Dayton 
St., Chicago 22, Ill. 


Inc., 


PUMPS, CELLAR DRAINER 
(See Pumps, Sump) 


PUMPS, CENTRIFUGAL 
Allis - Chalmers Co., Milwaukee, 
Wis. 
The American Well Works, Aurora, 
Til. 


Aurora Pump Co., Aurora, Ill. 


Barrett, Haentjens & Co., Hazle- 
ton, Pa. 
Ralph B. Carter Co., 53 Park 


Place, New York City. 
Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 2349 Wolfram 
t., Chicago, Ill. 
A. D. Cook Co., 
burg, Indiana. 
Dayton - Dowd Pumps, Peerless 
Pump Division, Inc., Quincy, Ill. 
De Laval Steam Turbine Co., Tren- 
ton, N. J. 
The Deming Co., Salem, Ohio 
Economy Pump Inc., Hamilton, 0. 
Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Ill. 
Gardner-Denver Co., Quincy, Il. 
Gorman-Rupp Co., Mansfield, Ohio. 


Inc., Lawrence- 


Homelite Corp., Port Chester, 
a ae 
Layne & Bowler, Inc., P. 0. Box 


215, _ eee Sta., Memphis 8, 


Ten 

ri my ” Machine Works, Baldwins- 
ville, N. Y. 

Northrop & Co., 50 Church S&t., 
New York 7, N. 

Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 
26, Los Angeles 31, Calif. 

Quimby Pump Co., Div. H. K. 
Porter Co., 49th & Harrison Sts., 
Pittsburgh, Pa. 

Worthington Pump & Mach. Corp., 
Harrison, N, J. 
Yeomans Brothers Co., 1433 Day- 

ton St., Chicago 22, Ill. 


PUMPS, DEEP WELL 


=~. American Well Works, Aurora, 


ainies Pump Co., Aurora, Ill, 

A. D. Cook Co., Ine., Lawrence- 
burg, Indiana. 

The Deming Co., Salem, Ohio. 

Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Ill. 

Layne & Bowler, Inc., P. 0. Box 
215, Hollywood Sta., Memphis 8, 
Tenn. 

Morris Machine Works, Baldwins- 
ville, N. 

Peerless Pump Division, Food Ma- 
chinery Corp., 301 Ww. Avenue 
26, Los Angeles 31, 

Pomona Pump Co., 
mercial St., Pomona, 

Worthington Pump & Mach. Corp., 
Harrison, N. J. 


DIAPHRAGM 

Ralph B. Carter Co., 53 Park 
Place, New York City. 
Chem-Feeds-Inc., 77 Reservoir 
Ave., Providence, R. I. 

Chemical Equipment oe PP. @ 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 

The Deming Co., Salem, Ohio. 
Dorr Co., 570 Lexington Ave., New 


York City. 

Edson Corp., 49 D. St., South Bos- 
ton, Mass. 

The Eimco Corp., P. 0. Box 300, 


Salt Lake City, Utah. 

Everson Filter Service Co., 214 W. 
Huron S8St., Chicago, Il. 

Lapp Insulator Co., Le Roy, N. Y. 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 

Oliver United Filters, Inc., 83 W. 
42nd St., New York 18, N. Y. 


Proportioneers, | 
we rovidence, nS + © Codding 8t., 
allace & a 
aii Co,, Ine., Ney. 
Yeomans a 
ton St., Chicago 2 i {88 Day. 


PUMPS, DRAINAGE (See 
Sewage and Drainage) Pumps, 


PUMPS, HYDRANT 


Edson Corp., 49 
ton, Mass. shen, South Bos 
Northrop & Co., I 
Yeomans Brothers Co” ee) 
ton St., Chicago 22, Tl. - 
Ralph B. Carter Co.,'53 Park Pj, 


New York City. 


PUMPS, HYDRAULIC 


~~ A Lt Mfg. Co. Inc., Troy, 


PUMPS, JETTING 
Ralph B. Carter c 
New York N. pee SS Put PL, 
er Rupp A, : 
‘orthrop & Co., In 
St., New York 7, N’ yp. “tue 
Peerless Pump Div., 
ery Corp., 301 Ww. Ave. 26, 
Angeles 31, Calif. 


“Mansfield, Ohio, 


PUMPS, PORTABLE 
Barrett, Haentjens & . 
ton, Pa. Co, Mate 
Ralph B. Carter Co., 53 
ean York City wm Gi, 
ain Belt Co., i610 Ww. B 
Milwaukee 4, Wis. ae 
Chem-Feeds-Inc., 77 ; eservoir 
a Ave., Providence, R > & 
ayton - wd Pumps, Pee 
Pump Div., Inc., Quincy, Th 
De Laval Steam Turbine Co., Tren. 
ton, N. 





| PUMPS, 





The a8, Co., Salem, Ohio. 
Economy Pumps, Inc., 1024 Weller 
Ave., Hamilton, Ohio. 
Fairbanks, Morse & ~Co., 600 § 
Michigan Ave., Chicago § 5, i 
Gorman-Rupp Co., Mansfield, Ohio. 
1 Corp., Port Chester, 


Morris Machine Works, Baldwins. 
ville, » 2 

Northrop & Co., Inc., Chureb 
St., New York 7, N. 


Peerless Pump Division Test Ma- 
chinery Corp., 301 West Avenue 
26, Los Angeles, Calif. 

Pomona Pump Co., 206 EB. Com- 
mercial St., Pomona, 

Quimby Pump Co., 
Porter Co., 49th’ and "Harrison 
Sts,, Pittsburgh, Pa. 

Worthington Pump & Mach. Corp., 
Harrison, N, J. 

Yeomans Brothers Co., 1433 NW. 
Dayton St., Chicago 22, Ill. 


ROTARY 


De Laval Steam Turbine Co., Tren- 
ton, N. J. 

The Deming Co., Salem, Ohio. 

Fairbanks, Morse & Co., 
Michigan Ave., Chicago 5, i 

Layne & Bowler, Inc., P. 0. Bor 
215, Hollywood Station, Memphis 
8, Tenn. 

Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 
26, Los Angeles 31, Calif. 


Pomona Pump Co., 206 E. Com 
mercial St., Pomona, Calif. 
Quimby Pump Div., H. K. Porter 


Co., 49th & Harrison Sts., 
Pittsburgh, Pa. 
Roots-Connersville 
Connersville, Ind. 
Worthington Pump & Mach. Corp., 

Harrison, N. J. 


PUMPS, SELF PRIMING 


Aurora Pump Co., Aurora, IIL. 

Barrett, Haentjens & Co., Hazle 
ton, Pa. 

Ralph B. Carter Co., 53 Park Pl, 
New York City. 

Chain Belt Co., 1610 W. Bruce 
St., Milwaukee 4, Wis. 

Chicago Puinp Co., 2349 Wolfram 
St., Chicago, Il. 

Dayton - Dowd Pumps, Peerles 
Pump Div., Quincy, Ill. 

De Laval Steam Turbine 00, 
Trenton, N. J. 

The Deming Co., Salem, Ohio. 

Gorman-Rupp Co., Mansfield, Obie. 

Homelite Corp., Port Chester, 

= 


Layne & Bowler, Inc., P. 
215, Hollywood Sta., Etat 
Tenn, 

Northrop & Co., 
New York 7, N. 

Peerless Pump Div, Food 
chinery Corp., 301 "W. Ave. 
Los Angeles 31, 

Pomona Pump Co., 
mercial St., Pomona, Calif. 


Blower Corp., 


” Church &t. 








Ma- 


PUM 
DK 
The 
Au 





dding Bt, 


ine., New. 


l 
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© Pumps, 


OUth Bos. 


0 Chure, 
433 Day. 


Park Pl, 


ark Pj 


1d, Ohio, 
) Chured 


Machin. 
28 I 


» Hatle. 
ark Pi, 
ruce St. 
PrVolr 
Peerless 
» Tl, 

»., Tren. 


Dhio. 
t Weller 


600 § 
5, IL 
d, Ohio, 
Chester, 
aldwins- 
Chureh 


od Ma- 
Avenue 


1. Com- 
lif, 


ll 


Co., Div. H. K. 


Quimby Fen? goth and Harrison 
= Pittsburgh, 
goots-connersville 
C nnersville, Ind, 

- Pump & Mach. Corp., 


Worthington 
thers Co., 1483 N. 


Pa. 
Blower Corp., 


Harrison, 
Yeomeon Bt., Chicago 22, Ill. 
SEWAGE AND DRAIN- 


AGE 

Allis - Chalmers Co., 
re imerican Well Works, Au- 
rora, Ill 
; Co., Aurora, III. 
Aurore piucarter Co., 53 Park PIl., 

New York City. a 
cnain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 
Chicago Pump (0, 
st., Chicago, Til. 
Dayton -_Dowd Pumps, Peerless 

mp Div., Inc., Quincy, Ill. 
De Laval Steam Turbine Co., Tren- 


Milwaukee, 
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0 a. . 
me Deming Co., Salem, Ohio. 


Beonomy Pumps, Inc., Hamilton, 

o_o 49 D St., South Bos- 
n, Mass. 

rairbanks, Morse & Co., 600 ~=S. 
Michigan Ave., Chicago, Ill. 


an-Rupp Co., Mansfield, Ohio. 

—— Machine Works, Baldwins- 
ville, N. Y. 

Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue 
9, Los Ageles 31, Calif. 

Pomona Pump Co., Pomona, Calif. 

Quimby Pump Co., Div. H. K. 
Porter Co., 49th and Harrison 
Sts., Pittsburgh, Pa. 

§. Morgan Smith Co., York, Pa. 

Worthington Pump & Mach. Corp., 
Horrison, N. J. 

Yeomans Brothers Co., 1433 N. 
Dayton St., Chicago 22, Iil. 


PUMPS, SLUDGE 


Allis-Chalmers Co., Milwaukee, 
8. 

The American Well Works, Au- 
rora, Ill. 

Aurora Pump Co., Aurora, III. 
Ralph B. Carter Co., 53 Park PL, 
New York City. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Dayton - Dowd Pumps, Peerless 
Pump Div., Inc., Quines, TI. 
De Laval Steam Turbine Co., 
Trenton, N. J. 

The Deming Co,, Salem, Ohio. 
Dorr Co., 570 Lexington Ave., New 
York City. 

The Eimco Corp., P. O. Box 300, 
Salt Lake City, Utah. 

Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Ill. 
Infileo, Inc., 325 W. 25th Pl., Chi- 

cago, Ill, 
Morris Machine Works, Baldwins- 
ville, N. Y. 
Oliver United Filters, Inc., 33 W. 
42nd St.. New York 18, N. Y. 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Il. 
Peerless Pump Division Food Ma- 
chinery Corp., 301 West Avenue 
26, Los Angeles, Calif. 
Pomona Pump Co., 206 BE. Com- 
mercial St., Pomona, Calif. 
Quimby Pump Co., Div. H. K. 
Porter Co., 49th and Harrison 
Sts., Pittsburgh, Pa. 
Worthington Pump & Mach. Corp., 
Harrison, N. J. 
Yeomans Brothers Co., 
Dayton St., 


1433 N. 
Chicago 22, IIl. 


PUMPS. SUMP (AND CELLAR 
DRAINER) 


The American Well Works, Au- 





Hazle 
k PL, 


olfram 


Co., 

0. 
Ohio. 
ester, 


). Box 
his § 


nF ? 


rora, Ill. 

Aurora Pump Co., Aurora, Til. 

Ralph B. Carter Co., 53 Park P1., 
New York City. 

Chicago Pump Co., 2349 Wolfram 
8t., Chicago, Il. 

Dayton - Dowd Pumps, Peerless 
Pump Div., Inc., Quincy, Ill. 
De Laval Steam Turbine Co., Tren-” 

ton, N. J 
The Deming Co., Salem, Ohio. 
x “y Pumps Inc., Hamilton, 
0 


Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Ill. 
Gorman-Rupp Co.. Mansfield, Ohio. 
Morris Machine Works, Baldwins- 

ville, N. Y, 

Peerless Pump Division Food Ma- 
chinery Corp., 301 West Avenue 
26, Los Angeles, Calif. 

Pomona Pump Co., 206 E. Com- 
mercial St., Pomona, Calif. 

Quimby Pump Co., Div., H. K. 
Porter Co., 49th & Harrison 
Sts., Pittsburgh, Pa. 





Turbine Equipment Co., 
St., New York 6, N. Y 

Worthington Pump & Mach. Corp., 
Harrison, N. J. 

Yeomans Brothers Co., 1433 
Dayton St., Chicago 22, III. 


75 West 


PUMPS, TURBINE 


The American Well Works, Au- 
rora, Til 

Aurora Pump Co., Aurora, IIl. 

A. D. Cook, Inc., Lawrenceburg, 
Indiana. 

Dayton - Dowd Pumps, Peerless 
Pump Div., Inc., Quincy, Ill. 
De Laval Steam Turbine Co., Tren- 

ton, N. J. 

The Deming Co., Salem, Ohio. 

Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago 5, Il. 

Layne & Bowler, Inc., P. 0. Box 
215, Hollywood Sta., Memphis 8, 
Tenn. 

Morris Machine Works, Baldwins- 
ville, N. Y. 

Peerless Pump Division Food Ma- 
chinery Corp., 301 West Avenue 
26, Los Angeles 31, Calif. 

Pomona Pump Co., 206 E. Com- 
mercial St., Pomona, Calif. 

Quimby Pump Co., Div. H. K. 
Porter Co., 49th and Harrison 
Sts., Pittsburgh, Pa. 

8S. Morgan Smith Co., York, Pa. 

Worthington Pump & Mach. Corp., 
Harrison, N. J. 

Yeomans Brothers Co., 1433 N. 
Dayton St., Chicago 22, II. 


PUMPS, VACUUM 


Allen-Billmyre Corp., 
Ave., Mamaroneck, 

Barrett, Haentjens & Co., 
ton, Pa. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Economy Pumps Inc., 

Ohio. 

Oliver United Filters Inc., 33 W. 
42nd St., New York 18, N. Y. 
Quimby Pump Co., Div. H. K. 
Porter Co., 49th and Harrison 


449 Fayette 
: = 
Hazle- 


Hamilton, 


Sts., Pittsburgh, Pa. 
Roots-Connersville Blower Corp., 
Connersville, Ind. 

Vogt Brothers Mfg. Co., Louis- 


ville, Ky. 
Worthington Pump & Mach. Corp., 
Harrison, N. J. 
Yeomans Brothers Co., 1433 N. 
Dayton St., Chicago 22, Ill. 


RATE OF FLOW CONTROLLERS 


25th Place., 


American Meter Co., 60 E. 42nd 
St., New York City. 

Automatic Control Div., Climax 
Industries, 1949 S. Western Ave.. 
Chicago, Il. 

Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland; Ohio. 

Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 

Everson Mfg. Co., 214 W. Huron 
St., Chicago, Il. 

Fischer & Porter Co., Hatboro. Pa. 

The Foxboro Co., Foxboro, Mass. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Hagan Corp., Hagan Bldg., Pitts- 
burgh, Pa. 

Inflleo, Inec., 325 W. 

Chicago, Tl. 

McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Ill. 

Permutit (Co., 330 W. 42nd St., 
New York 18, N. Y. 

Roberts Filter Mfg. Co., Darby, 
Pa. 

Simplex Valve & Meter Co., 68th 
and Upland S8ts., Philadelphia, 
Pa. 

S. Morgan Smith Co., York, Pa. 


RATE OF FLOW RECORDERS 


American Meter Co., 60 E. 42nd 
St., New York City. 

Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 

F. S. Brainard & Co., 246 Palm 
St., Hartford, Conn. 

Builders-Providence. Inc., 9 Cod- 
ding St., Providence, R. I. 

The Foxboro Co., Foxboro, Mass. 

Infileo, Inc., 325 W. 25th Place, 
Chicago, Il. 

Leupold & Stevens Instruments, 
4445 N. E. Glisan St., Portland 
13, Ore. 

Northrop & Co., 50 Church St., 
New York 7, N. Y. 

Permutit Co., 330 W. 42nd &t., 
New York City. 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
P. 


a. 
R. W. Sparling, Box 3277 Termi- 
nal Annex, Los Angeles, Calif. 


RESIDUAL 








REAMERS 


Mueller Co., Decatur, Ill. 
Ridge Tool Co., Elyria, Ohio. 


RECARBONATORS 


(See Carbonators) 


RECEIVING COIL, AMPLIFYING 


Frank N. Blake, 15 Highland Ave., 
North Adams, Mass. 


REFRACTORIES 


Carborundum Co., Perth Amboy, 


N. J. 
Johns-Manville, 22 E. 40th St., 
New York City. 


REGULATORS, PRESSURE 


(Water and Gas) 

American Meter Co., 60 B. 42nd 
St., New York City. 

American Radiator Co., Bessemer 
Bldg., Pittsburgh, Pa. 

Automatic Control Div., Climax In- 
dustries, 1949 8. Western Ave., 
Chicago, Ill, 

Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 

Clark Controller Co., 1146 EB. 152nd 
St., Cleveland 10, Ohio. 

Clayton Mfg. Co., Alhambra, Cal. 

Golden-Anderson Valve Spec. Co., 
_ Fulton Bidg., Pittsburgh, 
"a. 

Hagan Corp., Hagan Bldg., Pitts- 
burgh, Pa. 

McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 6, Ill. 

Mueller Co., Decatur, II. 

Northrup & Co., Inc., 50 Church 
St., New York City. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Il. 
Peerless Pump Division, Food Ma- 
chinery Corp., 301 W. Avenue, 

Los Angeles 26, Calif. 
Pittsburgh Equitable Meter Co., 
~~ Lexington Ave., Pittsburgh, 


a. 
Rensselaer Valve Co., Troy, N. Y. 
Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. Y. 
Simplex Valve & Meter Co., 68th 
og Upland S§8ts., Philadelphia, 
‘a 


8. Morgan Smith Co., York, Pa. 
Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, Calif. 


CHLORINE 

CONTROL APPARATUS 

Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y. 
Fe Taylor & Co., 7300 York 
Rd., Baltimore, Md. 

Wallace & Tiernan Co., Inc., New- 
ark 1, N. J. 


RESPIRATORS 


Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade §8ts., 
Pittsburgh, Pa. 


RUBBER LINED PIPE AND 


VALVES 
American Hard Rubber Co., 11 
Mercer St., New York 13, N. Y. 


RUST PREVENTION 


(Tanks, Pipe Lines, Submerged 
Metal) 


Calgon, Inc., Hagan Bldg., Pitts- 
burgh, Fa. 
Dearborn Chemical Co., 310 S&S. 


Michigan Ave., Chicago, Ill. 
Dow Chemical Co., Midland, Mich. 
Electro Rust-Proofing Corp., 1026 

Wayne Ave., Dayton 10, Ohio. 
(Cathodic Protection) 

The Johnston & Jennings Co., 
Rusta Restor Div., 877 Addi- 
son Rd., Cleveland, O. 

Philadelvhia Quartz Co., Third & 
lonie Sts., Philadelphia, Pa. 

Reilly Tar & Chemical Corp., 
Merchants Bank Bldg., Indianap- 
olis, Ind. 


SADDLES, PIPE 


Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 

Dresser Mfg. Div., Bradford, Pa. 

Grinnell Co., Inc., 260 W. Ex- 
change St., Providence, R. I. 

Hays Mfg. Co., Brie, Pa. 

Mueller Co., Decatur, Il. 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 


SAFETY EQUIPMENT 


(For Workers) 

Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade Sts., 
Pittsburgh, Pa. 


SAMPLERS AND SAMPLING 


TABLES 
Chicago Pump Co., 2849 Wolfram 
St., Chicago, Ill. 





R-9 


Infilco, Inc., 325 W. 25th Place, 
Chicago, Ill. 

F. B. Leopold Co., 422 First Ave., 
Pittsburgh, Pa. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 
Proportioneers, Inc., 9 Oodding 

8t., Providence, R. I. 
— Filter Mfg. Co., Darby, 
a. 


SAND EXPANSION INDICATORS 


Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 
* Infileo, Inc., 325 W. 25th Place, 
Chicago, Ill. 
Simplex Valve & Meter Co., 68th 
one Upland Sts., Philadelphia, 


a. 
Stuart Brumley Corp., 516 N. 
Charles 8t., Baltimore 1, Md. 


SCALES, SLUDGE CONVEYOR 


Builders-Providence, 9 Codding S8t., 
Providence, R. I. 


SCALES, WEIGHING 


Fairbanks-Morse Co., 600 S. Mich- 
igan Ave., Chicago 5, Ill. 


SCREENINGS GRINDERS 
(See Grinders) 


SCREENS, INTAKE 

Chain Belt Co., 1610 W. Bruce St., 
Milwaukee 4, Wis. 

Rodney Hunt Machine Co., Orange, 
Mass. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 

Link-Belt Co., 300 W. Pershing 
Rd., Chicago 9, Il. 

Yeomans Bros. Co., 1433 N. Day- 
ton St., Chicago 22, Il. 


SCREENS, SAND, GRAVEL AND 
STONE 


Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, 


Mo. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 300 W. Pershing 
Rd., Chicago, Ill, 


SCREENS, SEWAGE 
The American Well Works, Au- 
rora, Ill. 
Ralph B. Carter Co., 53 Park Pl., 
New York City. 
Chain Belt Co., 1610 W. Bruce 
St., Milwaukee 4, Wis. 
Chicago lump Co., 2349 Wolfram 
St., Chicago, Il. 
Dorr Co., 570 Lexington Ave., New 
York City. 
Graver Tank & Mfg. Co., 
East Chicago, Ind, 
Gruendler Crusher & Pulverizer Co.,. 
N. Market St., St. Louis, 
Mo. 
4 Hunt Machine Co., Orange, 
ass. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 
Yeomans Bros. Co., 1433 N. Day- 
ton St., Chicago 22, Ill. 


SCREENS, VIBRATING 


Link Belt Co., 807 N. Michigan 
Ave., Chicago 1, Illinois, 


SCREENS, WATER WELL 
Layne & Bowler, Inc., P. 0. Box 
_ Hollywood Sta., Memphis 8, 
‘enn. 


SEGMENT BLOCKS AND PIPE 
LINER PLATES (Vitrified) 
Nat'l Clay Pipe Mfrs. Inc., 111 

W. Washington St., Chicago, Ill. 


SEPTIC TANKS (Vitrified Clay) 


Nat’l Clay Pipe Mfrs., Inc., 111 
W. Washington St., Chicago, Ill. 


SERVICE BOXES 

Central Foundry Co., 386 Fourth 
Ave., New York City. 

Hays Mfg. Co., Erie, Pa. 

Mueller Co., Decatur, Ill. 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 

United Concrete Form Products 
Co., 5243 W. 25th Place, Chi- 
cago, lll, 


SEWAGE EJECTORS 
(See Ejectors, Pneumatic.) 


SEWAGE SAMPLERS 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 
Drake Mfg. Co., 1461 Belfield 
Ave., Philadelphia, Par 


Inc., 
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Everson Filter Service Co., 214 W. 


Huron 8t., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., Bast 
Chicago, Ind. 

Infileo, Inc., 325 W. 25th Place, 
Chicago, Ill. 

Omega Machine Co., 9 Codding 
St., Providence 1, R. I. 

Pacific Flush Tank OCo., 4241 
Ravenswood Ave., Chicago, Ill. 


Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Wallace & Tiernan Co., 
ark, N. J. 


Inc., New- 


SEWAGE SLUDGE INCINER- 
ATOR 


Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 

Morse Boulger Destructor Co., 216 
East 45th St., New York City. 
Nichols Engineering & Research 
Corp., 60 Wall Tower, New York 

City. 
Pittsburgh-Des Moines 
Pittsburgh, Pa. 


Steel Co 


SEWER CLEANING EQUIP. 
AND SERVICE 
Champion Corp., Hammond, Ind. 
J. Fitzgerald, P. 0. Box 289, 
Coral Gables 34, Fila. 
Flexible Sewer-Rod Eqpt. Co., 9059 
Venice Bivd., Los Angeles, Calif. 
National Water Main Cleaning Co., 
30 Church St., New York City. 
W. H. Stewart, P. O. Box 767, 
Syracuse, N. ‘ 


SEWER PIPE 
(See Pipe, Sewer) 


SEWER PIPE JOINTS 


Atlas Mineral Prod. Co., 
town, Pa. 
Hydraulic 


Mertz- 


Development Corp., 50 
Church 8t., New York City. 
Nat'l Clay Pipe Mfrs., Inc., il! 
W. Washington St., Chicago, Ill. 

L. A. Weston, Adams, Mass. 


SEWER PIPE LOCATORS 


Frank N. Blake, North Adams, 
Mass. 


SEWER RODS 


Flexible Sewer-Rod Eqpt. Co., 9059 

Venice Blvd., Los Angeles, Calif. 

H. Stewart, P. O. Box 767, 
Syracuse, N. Y. 


SILENCERS, ENGINE, INTAKE, 
EXHAUST AND AIR INTAKE 


Burgess-Manning Oo., 2815 W. 
Roscoe, Chicago, Iil. 
SIPHONS (Sewage) 
The American Well Works, Au- 
rora, Ill. 
Ralph B. Carter Co., 53 Park PI1., 
New York City. (Alternating.) 
Infileo, Inc., 325 W. 25th Place, 
Chicago, Ill. 
Pacific Flush Tank OCo., 4241 
Ravenswood Ave., Chicago, Ill. 
Yeomans Brothers Co., 1483 N. 


Dayton St., Chicago 22, Ill. 


SLEEVES, PIPE REPAIR 


Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill. 

Dresser Mfg. Div., Bradford, Pa. 

Eddy Valve Co., Waterford, N. Y. 

Iowa Valve Co., Hubbell Bidg., 
Des Moines, Ia. 

M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 

Northrop & Co., Inc., ° Church 
St., New York 7, N. 

Rensselaer Valve Co., mS ws me 

The A. P. Smith Mfg. Co., 545 N. 
a om Ave., East Orange, 


J. 
wien Foundry & Pipe Corp., 11 
Broadway, New York City. 
R. D. Wood Co., 400 Chestnut 8t., 
Philadelphia, Pa. 


SLEEVES, TAPPING (Valve) 
Eddy Valve Co., Waterford, N. Y. 


Iowa Valve Co., Hubbell Bildg., 
Des Moines, Ia. 

Ladlow Valve Mfg., Co., Troy, 
ms. Be 

M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 


Rensselaer Valve Co., Troy, N. Y. 
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The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., East Orange, 
N. J. 

Vogt Brothers Mfg. Co., Louis- 

ville, Ky. 


SLUDGE COLLECTORS 


The American Well Works, 
rora, Ill. 

Ralph B. Carter Co., 53 Park Pl., 
New York City. 

Chain Belt Co., 1610 W. Bruce 
St., Milwaukee 4, Wis. 


Au- 


Dorr Co., 570 Lexington Ave., New 
York City. 
Graver Tank & Mfg. Co., Inc., 


East Chicago, Ind. 


Infileo, Inc., 325 W. 25th Place, 
Chicago, IL 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 222 West 


Adams 8t., 
Link-Belt Co., 


Chicago, Ill. 

2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Permutit Co., 330 W. 42nd 8t., 

New York 18, N. Y. 
Yeomans Brothers Co., 14388 N. 
Dayton 8t., Chicago "22, Il. 


SLUDGE DISINTEGRATORS 


Gruendler Crusher & Pulverizer 
Co., 2915 N. Market St., St. 
Louis, Mo. 

Jeftrey Mfg. Co., Columbus, Ohio. 

Royer Foundry & Mach. Co., 158 
Pringle St., Kingston, Pa. 


SLUDGE EJECTORS 
(See BEjectors, Pneumatic.) 


SLUDGE ELEVATORS, LIQUID 
Gee Belt Oo., 1610 W. Bruce 


8t., Milwaukee 4, Wis. 
Hardinge Corp., York, Pa. 


SLUDGE GAS ENGINES 
(See Engines, Sludge Gas) 


SLUDGE PUMPS 


(See Pumps, Sludge) 
SNUBBERS 
(See Silencers.) 
SODA ASH 
Diamond Alkali Co., Pittsburgh, 
Hood Chemical Co., 450 W. 3ist 


St., New York City 
Innis, Speiden & Co., 
St., New York City. 
Mathieson Alkali Works, 60 B. 42nd 


117 Liberty 


St., New York City. 
Niagara Alkali Co., 60 BB. 42nd 
St., New York City. 
Penn. Salt. Mfg. Co., Widener 
Bldg., Philadelphia, Pa. 
Pittsburgh Plate Glass Co., Co- 
lumbia Chemical Div., Grant 


Bldg., Pittsburgh 19, Pa. 
BE. M. Sergeant Pulp & Chemical 
GP sae T Dey St., New York 7, 


Solvay Sales Corp., 40 Rector St., 
New York City. 


SODIUM ALUMINATE 


Dearborn Chemical Co., 310 Michi- 
gan Ave., Chicago, Ill. 

-  ~or Chemical Co., St. Louis, 

0. 

Monsanto Chemical Co., Merrimac 
Div., Boston, Mass. 

Penn. ” galt Mf g. Co., Widener 
Bldg., Philadelphia 7, Pa. 


SODIUM BISULPHITE 
General Chemical Oo., 40 Rector 
St., New York, N. ¥. 
SODIUM CHLORITE 


Mathieson Alkali Works, 60 East 
d St., New York 17, N. Y. 


SODIUM PHOSPHATES (Glassy) 
Calgon, Inc., Hagan Bldg., Pitts- 
burgh, Pa. 
SODIUM SILICATE 
Diamond Alkali Co., Pittsburgh, 
Pa. 
General Chemical Co., 40 Rector 
8t., New York 6, Y. 


N 
Philadelphia Quartz Co., Third & 
Ionic 8ts., Philadelphia 6, Pa. 
Proportioneers, Inc., 9 Codding St., 
Providence, R. 
Standard Silicate ” Division, Dia- 
jz Alkali Co., Pittsburgh, 
a. 





SOFTENERS 
(See Water Softening Equip- 
ment) 


SPEED REDUCERS, TRANSMIS- 
SION 


De Laval Steam Turbine Co., 
Trenton, N. J. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 3045 w. Hunting 
Park Ave., Philadelphia 40, Pa. 

Worthington Pump & Mach. Corp., 
Harrison, N. J. 


SPRINKLING FILTER EQUIP. 

The American Well Works, Au- 
rora, 

Ralph B. Carter Co., 53 Park Pl., 
New York City. 

Chain Belt Co., 1610 W. Bruce 
St., Milwaukee 4, Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Place, 
Chicago, Ill. 

Lakeside Engrg. Corp., 222 West 
Adams St., Chicago, Ill. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 

Yeomans Bros. Co., 14338 N. Day- 
ton St., Chicago 22, Ill. 


Inc., 


SPRINKLING FILTER 
UNDERDRAINS 


(See Filter Underdrains, Sewage.) 


STACKS 
Cement Gun Co., P. O. Box 424, 
Allentown, Pa. 
Chicago Bridge & Iron Co., 2198 
McCormick Bldg., Chicago, Ill. 
R. D. Cole Mfg. Co., Newnan, Ga. 
General American Process Equip- 


ment, 420 Lexington Ave., New 
York 17, N. ¥. 
Graver Tank & Mfg. Co., Ince., 


East Chicago, Ind. 
Johns-Manville Co., 22 E. 40th St., 
New York City. 
Nooter, John, Boiler Works Co., 
1410 §. 2nd St., St. Louis 4, 


0. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


Stacey Bros. Gas Construction Oo., 
ad Vine St., Cincinnati 16, 


STANDPIPES 
(See Tanks and Standpipes.) 


STANDPIPE AND TANK PRES- 
VATION 
(See Cathodic Protection Process.) 


STERILIZING WATER MAINS 


(See Water Main Sterilization) 
STIRRERS (Laboratory) 
Dorr Co., 570 Lexington Ave., New 
York City. 
Omega Mach. Co., Inc., 9 Codding 
St., Providence 1, I. 
Phipps & Bird, Inc., Sixth & 


Byrd Sts., Richmond, Va. 
H. K. Porter Co., Inc., 1982 Ol- 
iver Bldg., Pittsburgh "22, Pa. 
Stuart Bruml ley Corp 516 | N. 


Charles St., Dastienses 1, Md. 
STOKERS 
Fairbanks, Morse & Co., 600 8S. 


Michigan Ave., Chicago 5, Il. 
Johnston & Jennings Co., 877 Ad- 
dison Rd., Cleveland, Ohio. 
Link-Belt Co., 2410 W. 18th St., 
Chicago 8, Ill. 


Westinghouse Electric & Mfg. Co., 
0. Box 868, Pittsburgh 30, 
Pa. 
STORAGE TANKS (See Stand- 
pipes and Tanks) 
STRAINERS, SUCTION 
Barrett, Haentjens & Co., Hazle- 
ton, Pa 
Edson Corp. , 49 D St., South Bos- 
ton, Mass. 


Golden-Anderson Valve Spec. Co., 
13829 Fulton Bldg., Pittsburgh, 
Pa. 


SULPHATE OF ALUMINA 
(See Filter Alum) 


SULPHUR DIOXIDE (liquid) 
Great Western Div., Dow Chemical 
Co., 310 Sansome St. San Fran- 
cisco, Calif. 








Virginia Smeltj 
folk, Va. = OO» West No 


SUPERNATANT LIQUOR 
(Selectors and 
Pacifie Flush-Tank (o., 


venswood Ave., Obieage, 4, Be 
SWITCHBOARDS 
Clark Controller Co, 
cSt, Cleveland 10, Ohio, = "aaa 
max Engineeri 
oo & Ting Co., Clinton, 
Johns- a | 
New York, meet <n am. 


Westinghouse Biecttte & Mfg. 
Co, 
0. Box 868, Pittsburgh %0, 


TANKS AND STANDPIPEs 
(Steel) 
Chicago Bridge & Iron Co., 
McCormick Bue.. Chicago, » 
. D. Cole Mfg. Co., Newnan, Ga. 


General American Process Ey 
ment Div., 420 Lexi lp 
New York’ 17, N. re <n, 


Graver Tank & Mf, 
sent Chicago, Ind. 3 ©o., Tae, 
ooter, John, Boiler W, 
1410 8. 2nd’ St., St. Louie, ee 
Pittsburgh-Des Moines Steel Co 
Pittsburgh, Pa. 
H. K. Porter Co,, 49th & Har. 
rison, Pittsburgh, Pa. 
rg ee — Gas Construction 
ne St., Gi 
16, Ohio. — 


TANKS, RUBBER LINED 


Atlas Mineral Products (po, 
Mertztown, Pa. ’ 
Chemical Equipment Co., P. 0, 
Box 3098, Terminal Annex, Los 
Angeles 12, Calif. 
Dorr Co., 570 Lexington Ave., New 
York City. 
Everson Mfg. Co., 214 W. Huron 
St., Chicago, Ill. 
Graver Tank & Mfg. Co., Inc. 
East Chicago, Ind, 
Boiler Works Co, 
St. Louis 4 


Nooter, John, 
1410 8. 2nd St., 
Mo. 
Proportioneers, Inc., 9 Codding $t., 
Providence, R. I 


Stacey Bros. Gas Construction 
Co., 5535 Vine St., Cincinnati 
16, Ohio. 


Wallace & Tiernan Co., Ine. 
Newark 1, N. J. 


TAPPING MACHINES 


Hays Mfg. Co., Erie, Pa. 

Mueller Co., Decatur, Ill. 

The A. P. Smith Mfg. Co., 545 N 
Arlington Ave., East Orange, 
N. J. 


TASTE & ODOR REMOVAL 
CHEMICALS 


Activated Alum Corp., Curtis Bay, 


Baltimore, Md. 
American Norit Co., Jacksonville, 
Fla. 
Cliffs Dow Chemical Co., Mar 
quette, Mich. é 
Darco Corp., 60 HB. 42nd St., New 
York 17, N. Y. 

General Chemical Co., 40 Rector 
St., New York 6, N. Y. 

Graver Tank & Mfg. Co., Bast 
Chicago, Ind. 

Industrial Chemical Sales Div, 


West Virginia Pulp & Paper ., 


Inc., 230 Park Ave.,, New York 
aT, &. 

Infilco, Inc., 325 W. 25th Place, 
Chicago, Ill. 

Mathieson Alkali Works, Ine. 
New York, N. Y. 

Permutit Co., 330 W. 42nd &t, 


New York 18, N. Y. 
Phelps Dodge Refg. Corp., 
Wall St., New York, N. 

L. A. Salomon & Bros., 216 Pearl 
St., New York City. 
Stuart Brumley Corp., 516 ¥. 
Charles St., Baltimore 1, Md. 
Virginia Smelting Co., West Nor- 

folk, 
Wallace & “Tiernan Co., New- 
ark 1, N. J. 


Inc., 


TESTERS (Water Meter) 


Ford Meter Box Co., Wabash, Ind. 

Hersey Mfg. Co., E and 2nd Sts, 
South Boston 27. Mass. 
National Meter Division of Pitts 
burgh Equitable Meter Co., 4221 
First Ave., Brooklyn, N. Y. 

me yy 50 W. 50th 8t., 
New York City 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 
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Div., Food Ma- 

—_— >, 301 W. Avenue 26, 
Los Angeles 31, Calif. . 

h Equitable Meter 0.5 

a Lexington Ave., Pittsburgh, 


me FS ‘ , ry "selene 

meihington - Gamon Meter 
Newark, J. 

HICKENERS (Sludge) 

B. Carter © >. 

-¥ a at Ce. "i610 W. Bruce St., 


Milan Lexington Ave., New 





Co., 


63 Park 


Dorr Co., 

Tor a P. 0. Box 300, 
Lake City, Utah. 

ume Tank & w- Co., Inc., 
hicago, In 

a Tee. 325 W. 25th Place, 

Chicago, Til. 

Co., Columbus, Ohio. 
sired o.. 5045 W. Hunting 
>) Ave., Philadelphia 40, Pa. 
Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, tn. 
Teme Bros. Co., 1433 N. Dayton 

, Chicago 22, Il. 
TOOLS, PIPE 


(see Pipe Tools.) 


TOOLS, PNEUMATIC 
estchester, Pa. 


i. we 
Schramm, In Michigan 


Sullivan Machinery Co., 
City, Ind. 


TRAPS, DRIP, FLAME, 
SEDIMENT 
tie Control Div., Climax In- 
Avustries, 1949 S. Western Ave., 
hicago, Ill. 
A Mfg. Co., 1783 E. 1ith St., 
Cleveland, Ohio. 


McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Il. 


Pacific Flush Tank Co., 4841 
Ravenswood Ave., Chicago, Til. 
ae Recovery Systems Co., 2820 

_ Alameda St., Compton, Calif. 


EQUIPMENT 


Ltd., 116 New 
San Francisco, 


TRENCHING 


Hydrauger Corp., 
Montgomery St., 
Calif. 


TRICKLING FILTER UNDER- 
DRAINS 
fee Filter Underdrains.) 

TRITURATORS 

(See also Grinders) 

Chain Belt Co., 1610 W. Bryce St., 
Milwaukee 4, Wis. 

TUNNEL LINER PLATES 

Armco Drainage Prod. Assn., Mid- 
dietown, Ohio. 

TUNNEL MACHINERY, BORING 

& LINING 


Jeffrey Mfg. Co., Columbus, Ohio. 


TURBINES, HYDRAULIC 


De Laval Steam Turbine Co., 
Trenton, N. J. 
Hunt, Rodney, Machine Co., 
Orange, Mass. 
Morris Machine Works, Baldwins- 
= ms Me 
Morgan Smith Co., York, Pa. 
Turbine Equipment Co., 75 West 


St., New York 6. N. Y. 





, Ind 
| Ste. 


Pitts- 





h St, 
bureb 












TURBINES, STEAM 


De Laval Steam Turbine 
Trenton, N. J. 

Morris Machine Works, 
ville, N. Y. 

Turbine Equipment Co., 75 West 
St., New York 6, N. Y. 

Worthington Pump & Mach. Corp., 
Harrison, N. J. 


Co., 
Baldwins 


VALVE BOXES 


Central Foundry Co., 386 Fourth 

Ave., New York City. 

Chapman Valve Mfg., Indian 

Orchard, Mass. 

Eddy Valve Co., Waterford, N. Y. 

Ford Meter Box Co. = Wabash, Ind. 

Hunt, Rodney, Machine Co., 

Orange, Mass. 

Towa Valve Co., Hubbell Bldg., 
Moines, Ia. 





ingore Valve Mfg. Co., Troy, 


M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 
Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 
Rensselaer Valve Co., zee, HF. 
Vogt Brothers Mfg. Co., Louisville, 


Ky 
R. D. Wood Co., Philadelphia, Pa. 


VALVE BOX LOCATORS 


Northrop & Co., Inc., 50 Church 
St., New York City. 


VALVE OPERATOR 
(See Gate Valve Operator) 


VALVES 
American Car & Fay. Co., 380 
Church St., New York 8, N. Y. 


Anderson Valve Corp., Oliver Bidg., 
Pittsburgh, Pa. 

Armco Drainage Products Assn., 
Middletown, Ohio. 

Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 

Chapman Valve Mfg. Co., 
Orchard, Mass, 

Clayton Mfg. Co., Alhambra, Calif. 

Eddy Valve Co., Waterford, N. Y. 

Golden-Anderson Valve Co., 1329 
Fulton Bldg., Pittsburgh, Pa. 

Rodney Hunt Machine Co., Orange 
Mass. 

Josam Mfg. Co., 1783 EB. 11th S8t., 


Cleveland, Ohio. 
Iowa Valve Co., Hubbell Bldg., 
Co., Troy, 


Des Moines, Ia. 

Ludlow Valve Mfg. 
Ms Be 

McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Ill. 

M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Merco Nordstrom Valve Co., 400 N. 
Lexington Ave., Pittsburgh, Pa. 

Mueller Co., Chattanooga, Tenn. 

Peerless Pump Div., Food Ma- 
chinery Corp., 301 W. Avenue 
26, Los Angeles 31, Calif. 

Rensselaer Valve Co., Troy, N. Y. 

Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. Y. 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa 


The. A. P. Smith Mfg. Co., 545 N. 
a Ave., Bast Orange, 
N 


S. Morgan Smith Co., York, Pa. 

Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, "Calif. 

Vogt Bros. Mfg. Co., Louisville, 


Ky. 
R. D. Wood Co., Philadelphia, Pa. 


Indian 


VALVES, AIR RELEASE 


Chapman Valve Mfg. Co., 
Orchard, Mass. 

Eddy Valve Co., Waterford, N. Y. 
Iowa Valve Co., Hubbell Bidg., 
Des Moines, Ia. 
— Valve Mfg. Co., 


McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Ill. 
Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 
Rensselaer Valve Co., Troy, N. Y. 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 


Pa. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


VALVES, AIR & VACUUM 


Automatic Control Div., Climax In- 
dustries, 1949 S. Western Ave., 
Chicago, Ill. 

Chapman Valve Mfg. Co., 
Orchard, Mass. 

Clayton Mfg. Co., Alhambra, Calif. 

Eddy Valve Co., "Waterford, BM, . Be 

Iowa Valve Co., Hubbell Bildg., 
Des Moines, Ia. 

McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Ill. 

Northrop & Co., Inc., 
St., New York 7, 

Rensselaer Valve Co., Troy, N. Y. 


Indian 


Troy, 


Indian 


50 Church 
z. 


Roots-Connersville Blower Corp., 
Connersville, Ind. 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
et. 

Kk. 1D. Wood Co., 400 Chestnut St., 
Chicago, Ill. 


VALVES, ALTITUDE 


Anderson Valve oom. Oliver Bldg., 
Pittsburgh, 

Automatic Control Div., Climax In- 
— 1949 8. Western Ave., 
Chicago, Ill. 

—- valve Mfg. Co., Indian 


Clayton Mtg. “Co., Alhambra, Calif. 





Golden-Anderson Valve Sees. Co., 
1329 Fulton Bldg., Pittsburgh, 


Pa. 
McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Ill. 
Northrop & Co., Inc., 50 Church 
St., New York 7, ‘me 
Ross Valve Mfg. Co., P. O. Box 
595, Troy zy 
Renaseinar’ Valve Co., Troy, N. Y. 
Simplex Valve & Meter Go., 68th 
1 Upland Sts., Philadelphia, 
a. 
S. Morgan Smith Co., York, Pa. 
VALVES, BUTTERFLY 


Automatic Control Div., Climax In- 


dustries, 1949 8. Western Ave., 
Chicago, Il. 
Hunt, Rodney, Machine Co. 


Orange, Mass. 
ing Valve Mfg. Co., 


Troy, 


VALVES, CHECK 


Anderson Valve Corp., Oliver Bldg., 
Pittsburgh, Pa. 

Automatic Control Div., Climax In- 
dustries, 19 8S. Western Ave., 
Chicago, Ill. 


ay Haentjens & Co., Hazle- 
ton 
Chapman Valve Mfg. Co., Indian 


Orchard, Mass, 
Clayton Mfg. Co., Alhambra, Calif. 
Eddy Valve Co., Waterford, N. Y. 
Golden-Anderson Valve Co., 1329 
Fulton Bldg., Pittsburgh, Pa. 
Grinnell Co., Inc., 260 W. a 
change St., Providence, R. 
Hersey Mfg. Co., E and First Sta., 
South Boston 21, Mass 
Hubbell Bldg., 


Iowa Valve Co., 
Des Moines, Ia. 

Josam Mfg. Co., 1783 HB. 1ith St., 

Cleveland, Ohio 


ler Valve Mfg. OCo., Troy, 

McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Ill, 

M. & H. Vaive & Fittings Co., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 

Northrup & Co., 50 Church 8t., 
New York 7, N. Y. 
Rensselaer Valve Co., Troy, N. Y. 

Ross Valve Mfg. Co., P. O. Box 


595, Troy, N. Y. 
The A. P. Smith Mfg. Co., 
irimetes Ave., East 


8. Morgan Smith Co., York, Pa. 

Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, Calif. 

R. D. Wood Co., Philadelphia, Pa. 


545 N. 
Orange, 


VALVES, CHLORINE 


Everson Filter Service Co., 214 W. 
Huron St., Chicago, Ill. 

Wallace & Tiernan Co., Inc., New- 
ark 1, N. 

Wilson Chemical Feeders, Inc., 110 
Washington St., Buffalo, N. ¥. 


VALVES, CONE 


American Car & Fdy. Co., 380 
Church St., New York 8, N. Y. 

Anderson Valve Oliver 
Bldg., Pittsburgh, Pa. 

Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 

Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, 
Pa. 

Merco Nordstrom Valve Co., 400 
N. Lexington Ave., Pittsburgh, 
> 


Peerless Pump Div., Food Machin- 
ery Corp., 301 W. Avenue 26, 
Los Angeles 31, Calif. 

Rensselaer Valve Co. ~~ sea. Bi, mo 

Ross Valve Mfg. Co., P. O. 


595, Troy, N. Y. 
8. Mecgea Smith Co., York, Pa. 


Corp., 


VALVES, DIAPHRAGM 


McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Ill. 


v ht oy , ees 
OPER 


(See aren Motor Operated.) 


VALVES, EMERGENCY TRIP 


Anderson Valve Corp., Oliver 
Bldg., Pittsburgh, Pa. 
Clayton Mfg. Co., Alhambra, Calif. 


Golden-Anderson "Valve Spec. Co., 
1329 Fulton Bidg., Pittsburgh, 


Pa. 
Ross Valve Mfg. Co., Troy, N. Y. 


VALVES, FLAP 
Anderson Valve Cxp.. 
Bldg., Pittsburgh, Pa. 
Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 


Oliver 


VALVES, 
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Clow & Sons, James B., 201 N. 
Talman Ave., Chicago, Ill, 

Eddy Valve Co., Waterford, N. Y. 

Golden-Anderson Valve Spec Co., 
1329 Fulton Bidg., Pittsburgh, 


Pa, 
Rodney Hunt Machine Co., Orange, 


Iowa Valve Co., Hubbell Bildg., 
Des Moines, Ia. 

Josam Mfg. Co., 1783 E. 11th 8t., 
Cleveland, Obi 0. 

lngoy Valve Mfg., Co., Troy, 


M. ** H. Valve & Fittings Co., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 

Rensselaer Valve Co., Troy, N. Y. 

Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, "Calif. 

Vogt Brothers Mfg. o., Louis- 


= Wane 
R. 400 Chestnut 8t., 
Philadeipnis. Pa. 


VALVES, FLOAT 


Anderson Valve Corp., Oliver Bldg., 
Pittsburgh, Pa. 

Chapman Valve Mfg. Co., Indian 
Orchard, Mass, 

Olayton Mfg. Co., Alhambra, Calif. 


Golden-Anderson "Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ta. 

—y Valve Mfg. Co., Troy, 

McAlear Mfg. Co., 1949 8S. Western 
Ave., Chicago 8, Ih, 

Northrop & Co., Inc., % Church 
St., New York 7, Ze 


Rensselaer Valve Co., Troy, N. Y. 

Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. 

8. Morgan Smith Co., York, Pa. 


VALVES, FOOT 


Chapman Valve Mfg. Oo., Indian 
Orchard, Mass. 
Eddy Valve Co. -- Waterford, N. Y. 


Edson Corp., 49 D §8t., South 
Boston, Mass. 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia. 

—<, Valve Mfg. Co., Troy, 

Mueller Co., Chattanooga, Tenn. 

Northrup & Co., 50 Chureh St., 
New York 7, N. 

Rensselaer Valve Co., 

Vogt Bros. Mfg. Co., 1403 W. Nata 


St., Louisville 3, Ky 
R. D. Wood Co., 400 “Chestnut 8t., 
Philadelphia, Pa. 


VALVES, FOUR WAY 


American Car & Fidy. Co., 30 
Church St., New York 8, N. Y. 
Anderson Valve OCorp., Oliver 
Bldg., Pittsburgh, Pa. 
Olayton Mfg. Co., Alhambra, Calif. 
Golden-Anderson Valve Spec. 
af Fulton Bildg., Pittsburgh, 
a 


Infileo, Inc., 325 W. 26th Place, 
Chicago, Ill. 

F. B. Leopold Co., Inc., 422 First 
Ave., Pittsburgh, Pa. 

Merco Nordstrom Valve Co., 400 N. 
Lexington Ave., Pittsburgh, Pa. 

Peerless Pump Div., Food Machin- 
ery Corp., 301 W. Avene 26, 
Los Angeles 31, Calif 


— Filter Mfg. Co., Darby, 
‘a, 
VALVES, GATE 

Chapman Valve Mfg. Co., Indian 


Orchard, Mass. 
Eddy Valve Co., Waterford, N. Y. 
Rodney Hunt Machine Co., Orange, 


Mass. 
Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia. 


Ludlow Valve Mfg. Co., Troy, 
A 


M. & H. Valve & Fittings Oo., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 

Rensselaer Valve Co., gy. nN. Y. 

The A. P, Smith -_ Co., 545 N. 
a a Ave., ast Orange, 

ves — Mfg. Co., Louis- 


ie, 
Wood Co., Philadelphia, Pa. 


HYDRAULIC OYLIN- 
DER OPERATED 


American Oar & Fay. Oo., 30 
Church St., New York 8, N. ¥. 

Anderson Valve OCorp., Oliver 
Bldg., Pittsburgh, Pa. 

Chapman Valve fg. Co., Indian 
Orchard, Mass. 

Bddy Valve Co., Waterford, N. Y. 

Golden-Anderson Valve Spec. be 
al Fulton Bidg., Pittsburgh, 
a, 
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M. & H. 


N, 
Pa 
Mueller Co., 


ery 


The A. P. 


hy. 
R. D. 


American 


N, 
Pa. 


American 
Church 8 


Pittsburg 


dustries, 
Chicago, 
Chapman 


Eddy Vi 
1329 
Pa, 

Hunt, 
Orange, 

Iowa 


Ludlow 
NY 


McAlear M 
Ave., 

Merco 
N. 
Pa. 


ery Corp., 


Ross Valve 
595, 

The A, P. 
Arlington 
N 


D. 
St., 


R. 


VALVES, 


ery 























ville, Ky 


dustries, 

Chicago, 
Bailey Met 

Rd., 


Anniston, 
Merco Nordstrom Valve Co., 
Lexington 


595, Troy, 


Troy, N. Y. 
Smith Mfg. 
Ave., 











Hunt, Rodney, Machine Oo., 
Orange, Mass. 

Iowa Valve Co., Hubbell Bildg., 
Des Moines, Ia. 

The Kennedy Valve Mfg. Co., 
Elmira, N. 

Ludlow Valve " Mfg. Co., Troy, 


Valve & Fittings Co., 


Corp., 

Los Angeles 31, Calif. . 
Rensselaer Valve Co., Troy N. Y. 
Ross Valve ute. Co., 


henith Mfg. Co., 545 N. 


Arlington Orange, 
‘. J 


Wood Co., 
Philadelphia, 


Ca 


Chureh St., 
Merco-Nordstrom 
Lexington Ave., 


Ca 
t., 


Anderson Valve Corp., 


Automatie Control Div., 
1949 


Ala. 


Ave., Pitt 


400 
sburgh, 


Chattanooga, Tenn. 


301 


P, 


Ave., East 


8. Morgan Smith Co., York, 
Vogt Brothers Mfg. 


400 Chestnut St., 


Pa. 


r & Fdy. C 
New York 8, 
Valve 


r & Fdy. C 
New York 8, 
Oliver 
Pa. 


8. 


Ill. 


Golden-Anderson 
Fulton 


Rodney, 
Mass. 
Valve 

Des Moines, 
Valve 


fg. 


Chicago 8, 
Nordstrom 
Lexington Ave., 


Mueller Co., 1 
Peerless Pump Div., 


Los Angeles 31, 
Rensselaer Valve Co., og Be 
0. 


N 


S. Morgan Smith Co., 
Wood 
Philadelphia, 


Peerless Pump Div., 
Corp., 
Los Angeles 31, 


Valve Mfg. Co., 
Orchard, Mass. 

ilve Co., Waterford, N. 
Spec. 
Pittsburgh, 


Valve 
Bldg., 


Co., Hubbell 
Ia. 
Mfg. Co., 
Co., 
Ill, 
Valve 


Chattanooga, 


w. 
Calif. 


301 


its. Co., P 


Co., 
East 


Co., 
Pa. 


301 W. 


Calif. 


Pa. 


Co., 
Pittsburgh, 


Western 


Machine 


Co., 
Pittsburgh, 


York, 
400 Chestnut 


Peerless Pump Div., Food Machin- 
W. Avenue 


26, 


0. Box 


Pa. 


Co., Louisville, 


VALVES, LUBRICATED PLUG 


0., 


30 
N. ¥ 


400 


VALVES, MOTOR OPERATED 


0., 
N. 


30 
Bs 
Bldg., 


Climax In 


Ave., 
Indian 
» 
Co., 
Co., 
Bidg., 
Troy, 


1949 S. Western 


400 


Tenn 


Food Machin- 
Avenue 


26, 


Box 


545 N. 
Orange, 


Pa. 


MUD AND PLUG 


American Car & Fdy. Co., 3 
Church St., New York 8, N. Y. 

Anderson Valve Corp., Oliver 
Bidg., Pittsburgh, Pa. 

Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 

Eddy Valve Co., Waterford, N. Y. 

Rodney Hunt Machine Co., Orange 
Mass, 

lowa Valve Co., Hubbell Bidg., 
Des Moines, Ia. 

Ludlow Valve Mfg. Co., Troy, 
RB. ¥. 

Merco Nordstrom Valve Co., 400 
N. Lexington Ave., Pittsburgh, 
Pa. 

M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 


Food Machin- 
Avenue 26, 


Rensselaer Valve Co., Troy, N. Y. 
Roberts Filter Mfg. Co., Darby, 
Vogt Brothers Mfg. Co., Louis- 


VALVES, PRESSURE REDUCING 


Anderson Valve Corp., Oliver Bldg., 
Pittsburgh, 
Automatic Control Div. Climax In- 


1949 S. Western Ave., 


Th. 


er 


Co., 1072 


Cleveland, Ohio. 


Ivanhoe 


Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 

Clayton Mfg. Co., Alhambra, Calif. 

Golden-Anderson Valve Spec. Co., 
1320 Fulton Bidg., Pittsburgh, 
Pa, 

Hagan Corp., Hagan Bldg., Pitts- 
burgh, Pa. 

Hays Mfg. Co., Erie, Pa. 





McAlear Mfg. Co., 1949 8S. Western 
Ave., Chicago 8, Ill. 
Johnston & Jennings Co., 877 Ad- 
dison Rd., Cieveland, Ohio. 


| Mueller Co., Decatur, Il. 
} Northrop & Co., Inc., 50 Church 
St., New York 7, N. Y. 
| Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, III. 
Rensselaer Valve Co., Troy, N. Y. 
Ross Valve Mfg. Co., P. O. Box 
| 595, Troy, N. Y. 
8. Morgan Smith, York, Pa. 
Vapor Recovery Systems Co., 2820 


N. Alameda St., Compton, ‘Calif. 


VALVES, RELIEF 


Anderson Valve OCorp., Oliver 
Bldg., Pittsburgh, Pa. 
Automatic Control Div., Climax In- 


dustries, 1949 S. Western Ave., 
Chicago, Ill, 


Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 
Clayton Mfg. Co., Alhambra, Calif. 


Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, 
Pa, 

Hays Mfg. Co., Erie, 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia. 


Johnston & Jennings Co., 877 Addi- 
son Rd., Cleveland, Ohio. 

McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Ill. 

mw a Valve Mfg. Co., 

Mueller Co., Decatur, Ill. 


Northrop & Co., _Inc., bo Church 


Troy, 














St.. New York 7, N. 
Pacific Flush Tank Oe. 4241 
Ravenswood Ave., Chicago, Ill, 
Rensselaer Valve Co., Troy, N. Y. 


Ross Valve Mfg. Co., P. O. Box 
505, Troy, N. Y. 
8. Morgan Smith Co., York, Pa. 


Vapor Recovery Systems Co., 2820 


N. Alameda St., Compton, Calif. 
VALVES, RUBBER, GLASS AND 
LEAD LINED 
American Hard Rubber Co., li 
Mercer St., New York 13, N. Y. 
Anderson Valve Corp., Oliver 
Bldg., Pittsburgh, Pa. 
Automatic Control Div. . Climax In- 


dustries, 1949 S. Western Ave., 
Chicago, Ill. 

Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, 
Pa. 

Grinnell Co., Inec., 260 W. Ex- 
change St., Providence, R. I. 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia. 

Johns-Manville, 22 E. 40th St., 
New York, N. Y. 

S. Morgan Smith, York, Pa. 


VALVES, SPECIAL, AUTOMATIC 
(Including Remote Control.) 


Anderson Valve Corp., Oliver 
Bldg., Pittsburgh, Pa. 

Barrett, Haentjens & Co., Hazle- 
ton, Pa. 


., Alhambra, Calif. 
Valve Spec. Co., 


Clayton Mfg. Co 
Golden-Anderson 


1329 Fulton Bidg., Pittsburgh, 
Pa. 

Iowa Valve Co., \ renee Bldg., 
Des Moines, low 

McAlear Mfg. Co., 1949 S. Western 
Ave., Chicago 8, Ill, 

Northrop & Co., Ine., 50 Church 
St., New York 7, N. Y. 

Ross Valve Mfg. Co., P. O. Box 
595, Troy. N. Y. 

Rensselaer Vaive Co., Troy, N. Y. 

S. Morgan Smith Co., York, Pa 

The A. P. Smith Mfg. Co., 595 


Arlington Ave., E. Orange, N. N. 


VALVES, WATER METER 
SPECIAL 


Ford Meter Box Co., Wabash, Ind. 


VARIABLE SPEED TRANS- 


MISSIONS 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia 40, Pa. 


Omega Machine Co., 9 Codding St., 
Providence 1, R. I. 


VENTURI TUBES 


Bailey Meter Co., 
Cleveland, Ohio. 
Builders-Providence, 
ding St. Providence, 
Chemical Equipment Co., 
3098, Terminal Annex, 

geles 12, Calif. 
w. 


Infileo, Ine., 325 
& Stevens Instruments, 


Chicago, Ill. 
Leupold 
445 BE. Glisan St., Portland, 


45 N. 


1072 Ivanhoe, 


9 

R. IL. 

P. 0. Box 
Los An- 


25th 
. 


Inc., Cod- 


Place, 


Ore. 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa. 
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VIBRATING SCREENS (Liquid) 


Link Belt Co., 307 N. Michigan 
Ave., Chicago 1, Ill. 


VIBRATORS, ELECTRO- 
MAGNETIC 


Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 5 W. Hunting 
Park Ave., Philadelphia 40, Pa. 


VISES, PIPE 


Ridge Tool Co., Elyria, Ohio. 


VITRIFIED CLAY PIPE AND 
PRODUCTS 


Nat'l Clay Pipe Mfrs., Inc., 111 
W. Washington St., Chicago, Ill, 


WASTE GAS BURNERS 


Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, III. 
Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, Calif. 


WATER ANALYSIS EQUIPMENT 
AND REAGENTS 


(See Laboratory 
Reagent.) 


Apparatus and 


WATER HAMMER ARRESTERS 


Josam Mfg. Co., 1783 EB. 11th St., 
Cleveland, Ohio. 
S. Morgan Smith Co., York, Pa. 


WATER MAIN 


STERILIZATION (A _ Service) 
Luther & Wood, 310 Chandler 
Bldg., 1427 Eye St., N. W., 
Washington, D. C. 


WATER LEAK, LOCATING 

INSTRUMENTS 

Fisher Research Lab., 1961-63-65 
University Ave., Palo Alto, Calif. 

Northrop & Co., Inc., 50 Church 
St., New York 7, N. 

Simplex Valve & Mete er Co. .» 68th 
and Upland S8Sts., Philadelphia, 
Pa. 


WATER LEVEL RECORDERS 
Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 
Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 
Infileo, Inc., 325 W. 25th Place, 
Chicago, Ill, 
Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa 
Ww. Sparling, Box 3277 Termi- 
nal Annex, Los Angeles, Calif. 


R. 


WATER MAIN CLEANING 
Flexible Underground Pipe Clean- 
ing Co., 9059 Venice Blvd., Los 
Angeles, Calif. 
National Water Main Cleaning Co., 


- goaren St.. New York 7, 
Stuart * Brumle Corp., 516 N. 


Charles St., Baltimore 1, Md. 


WATERPROOFING PAINTS, 
— AND MATERI- 


Dearborn Chemiéal Co., 310 S. 
Michigan Ave., Chicago, Ill. 
General Paint Corp., Cleveland, 0. 
Johns-Manville, 22 BD. 40th St., 

New York City. 
Reilly Tar & Chem. Corp., Mer- 
chants Bank Bldg., Indianapolis, 
Stuart Brumley Corp., 516 N. 
Charles St., Baltimore 1, Md. 


WATER SOFTENING CHE) 
CALS AND COMPOUNDS 
(See Chemicals for Water Purifi- 
cation and Softening) 


WATER SOFTENING 
EQUIPMENT 


The American Well Works, Au- 
rora, Ill, 

Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. 


Z. 
Ralph B. Carter Co., 53 Park PIl., 
New York Cit 
Chain Belt Co., 1610 W. Bruce 
St., Milwaukee 4, Wis. 
Chem - Feeds-Inc., 77 ' Reservoir 


Ave., Providence, R. I. 
Chemical Equipment Co., P. 0. 
Box 8098, Terminal Annex, Los 


Angeles 12, Calif. 
Dorr Co., Inc,, 570 Lexington Ave., 
New York City. 


Everson Mfg., 
St., Chicago, or 
Graver Tank & M 
East Chicago, ind. 


Infileo, Inc., 3 
yegticnge, in, 2 W. 25th Pia, 
effrey 3 
Lamemte Finer Clumbas, Ohio, 
ams St hi 
Lapp Insulator tengo. in. 
F. B. Leopold Co., ine. 2,8, 
Ave., Pittsburgh, Ps’ Pint 
Link Belt Co., 2045 Ww Hun 
Park Ave., Philadelphia id 
Nooter, John, Boiler Works ¢ 
1410 2nd St., st. Louis . =. 
Omega Machine Co. 3409 p! Me. 
™ Kanone City, Mo. » 1a, 
ermutit Co., 
> New — ‘18 x. Y" oe a, 
roportioneers, I 
Raeritenee, a © Codding a, 
oberts Filt 
ua. er Mfg. Co., Darby 
mplex Valve & Meter 
68th 
ond Upland Sts., Philadenge 
Stuart Brumley Cor . 
wae a + Baltimore’ 1, 2 : 
allae 
west. N. ar Coy Te, 
orthington a. 
e Meetteen, N 7S ae. oe 
eolite Chemical 6 
New York 6, Noy. '” “dar &t, 
WATER STABILIZATION 
(Chemicals for) 
Dearborn Ohemical (Co, 
‘ Michigan Ave., Chicago, i : 
algon, Inc., Haga 
=. igan Bldg., Pitts. 


WATER SUPPLY CONTRACTOR: 


(See Contractors) 


WATER TREATMENT 


FO 
SCALE AND CORROSION 
Hagan Bldg., Pitts. 


Calgon, Inc., 
burgh, Pa. 
Dearborn Chemical 
Michigan Ave., 
General Chemical 
St., 
Graver Tank & Mfg. 
East Chicago, Ind. 


Co., 
Co., 


Infileo, Inc., 325 W. 25th Place 
Chicago, Til. 

Lakeside Engineering Corp., 2 
W. Adams St., Chicago, Ml. 
The Permutit Co., 330 W. 42nd St., 

New York 18, N. Y. 

Stuart Brumley Corp., 516 X 
Charles St., Baltimore 1, Md. 
Zeolite Chemical Co., 140 Cedar 
St., New York 6, N. Y. 
WATER TREATMENT PLANTS 

(Steel) 
Pittsburgh-Des Moines Steel (Co. 
Pittsburgh, Pa. 


WATER WASTE SURVEYS 


Pitometer Co., 50 Church 
York City. 

Simplex Valve & Meter 
& Upland Sts., 


WELLS, COMPLETE 


Layne-Bowler, Inc., P. 


215, Hollywood Sta., Memphis §, 


Tenn. 
WRAPPING, PIPE 
(See Pipe, Wrapping) 


WRENCHES, REVERSIBLE 


RATCHET 


Dresser Mfg. Co., Bradford, Pa. 


WROUGHT See (Pipe, Gates, 


rs, 


A. M. Byers Co., 
Pittsburgh, Pa. 


214 w, Haro 
£8. Co. Ine 


Chicago, Ml 


40 Re 
New York 6, N.Y. 


Philadelphia, Pa. 


Clark Bidz. 































































































































$10 §. 


Co., Ine., 


St., New 


Co., 68th 


0. Bor 





ZEOLITE AND ZEOLITE 





SOFTENERS 

Chemical Equipment Co., P. 0 
Box 3098, Terminal Annex, 14 
Angeles 12, Calif. 

Graver Tank & Mfg. Co., Int. 
East Chicago, Ind 

Infileo, Ine., 325 Ww. 25th Place 
Chicago, Ill. 

Lakeside Engrg. Corp., 222 Wes 
Adams S8t., Chicago, Tl. 

Permutit Co., 330 W. 42nd &. 
New York 18, N. Y. 

Roberts Filter Mfg. Co., Darby 
a. 

Turbine Equipment Co., 75 Wet 


St., New York 6, N. 


Worthington i ed & Mach. Corp. 
140 Cedar 
, 4 


Harrison, N. 
Zeolite Chemical Co., 





St., New York 6, N. 
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Wa 
Wa 





Co., 68 
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Do., Ine. 
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tes, 


Bldg. 
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INFORMATION 
ON WATER AND SEWAGE WORKS PROBLEMS 


(WHERE TO FIND IT) 


By LINN H. ENSLOW 
Editor, “Water & Sewage Works” 


T goes without saying that information required by water Text books, manuals, hand-books, journals, and catalogs are 
= men and sewage works operators is not concentrated named alphabetically in the attached list of recommended refer- 
in two or three books. The nearest approach to concentrated ence works for water and sewage works men. : 
information for water works men is found in the manuals pub- The list represents the majority opinions of operating men, 
fished by the American Water Works Association— “Water managers, engineers and chemists called on to offer suggestions 
Works Practice,” the “Purification Manual” and the “Account- in making up a set of reference works. It is an attempt to 


ing Manual.’ recommend those books of greatest usefulness. 
LIST NO. 1—FOR WATER WORKS MANAGERS AND OPERATORS 
[For Small and Moderate Size Systems.] 
Books Publishers Authors 

A. B. C. of Hydrogen Ion Control (F)................ Rees Cee, Bee, BOI aoe in cc cnccsocccvessengneisteasnnenes 
American Civil Engineering Handbook—Sth Ed. ($8.00). John Wiley & Sons, New York City...............005- Merriman & Wiggin 
Bul. No. 21 (a Handbook on Hydraulics) (F)......... SE 2 Sh, I, Bs os cc cnessiveneduéesevasdsnseeessbeehaue 
Conversion Factors for Engineers (F)...........0+0+- Oe Be Ec, BOO I GN i ok din ce vine weccessacnessnkantseeseecbenenes 
Copper Sulphate in Control of Micro Organisms (F)...Phelps Dodge Refining Corp., New York City...........sseeeseeseess Hale 
Elements of Water Supply Engineering (2nd Ed.)...... John Wiley & Sons, New York City..........cccccesccccccccecs Waterman 
Engineering Data in Flow of Fluids in Pipes (F)....... SAD Gi MI 5 cau ies Kew bales ox ss deeb Ukes 850k oe aeleee eae 
Examination of Water—6th Ed. ($3.00)................ John Wiley & Sons, New York City..............0...00 Mason & Buswell 
Fire Engine Tests and Fire Stream Tables (F)......... National Board of Fire Underwriters, N.Y. C..........ccccccsccccccesococe 
Handbook of Cast Iron Pipe (F)..........ceceeeeecees Cost Soom Paee Boepenbels Ages. CHRD. ..< 00. scccucecsscceccsecesesseces 
Handbook of Fire Protection ($4.50) .............eeeeee D. Van Nostrand Co., New York City............. Crosby, Fiske & Forster 
Hydraulic Tables—3rd Ed. ($2.00).............seeeeeee John Wiley & Sons, New York City................000-- Williams & Hazen 
Lab. Manual—Chemical & Bacterial Analysis 

Water and Sewage, 3rd Edition ($3.00).............. McGraw Hill Co., New York City............ Theroux, Eldridge, Mallman 
Lefax—Data Sheets for Loose Leaf Note Books........ See Pe, Ne cn eae cdc adic eb anmakuaeeaks oes eee Various 
Manual for Water Plant Operators ($6.50)............. Chemical Publishing Co., Brooklyn 2, N. Y..............000004 A. A. Hirsch 
Manual for Water Works Operators ($3.00)............ Texas Water Works & Sewerage Short School, Austin, Tex........ Various 
Manual of Water Quality and Treatment............... Am. Water Works Assn., New York City..............0cccceeeees Various 
Manual of Water Works Accounting................06. Am. Water Works Assn., New York City..............cccccceeess Various 
Microscopy of Drinking Water (4th Ed. $7.00)......... John Wiley & Sons, New York City............. ccc ceceeeees Whipple-Fair 
ON EG: errr ere , ee rr eee ee 
Pe OC TD sien aces ccemesdnssecenssceeue TORS Se ae OR, DUE WOON MOM, cc cdcsccinssecncccsaedastunevion Tracy 
a te Bt errr rrr ree RECMEEE EA, BONNE WOME CRs isis vnéccinncsvacdveu hessestdaucen Dibble 
Public Water Supplies—4th Ed. ($6.00)............... John Wiley & Sons, New York City.................. Turneaure & Russell 
Standard Methods of Water Analysis, 8th Ed. ($2.50)..A. P. H. A. and A. W. W. A., New York City.................000. Various 
Technical Bulletin on Chlorination (F).............00e Watees @ Teermen Ce, Neoware, Bh. Func cccccccccscccssecciascceve Various 
The Operation of Water Filtration Plants (F).......... a. %. es SI, MEIN 8. Gin ois in cenccceccddauccesscemasdebers 
Treatment of Municipal and Industrial Waters—Tech. 

ioe ik wt a ehanin dar EW Vaene em wa The Server Process: Co, Mew Yor Citys coins cscvcccccacssccccscessace 
TE TUCO CO OD nc ocdciesccncdcdadweesscnee ee Tee a. BOE We Cai oak 5 cic vines dcaseusdsceeevacoun Ellms 
Water Purification Control, 2nd Edition ($1.75)......... Wiiliams & Wilkins, Baltimore, Md..............ccccecccccceccces Hopkins 
Water Purification for Plant Operators ($2.50)......... McGraw Hill Co., New York City.................4-. Norcom and Brown 
Water Rate Structures in America (F).............000- Public Service Commission of Wisconsin, Madison, Wis.................6-. 
Water Supply Control (nominal charge)...............- By, Es SOD N.S, HUI, I, in cc cnvscavescenevenadabeaedenauate 
Water Treatment and Purification ($2.50).............. ne ee Oh, DO aco sen cs ce tccovescesecesscaceeen Ryan - 
Water Works Engineering in Disaster (F)..........-.. O.C.D. Pub. No. 2022, Washington, D. C................00 eee eee McCallum 
Water Works Handbook ($7.00)...........seeeeeeeeees McGraw Hill Co., New York City................ Flynn, Weston & Bogert 
Water Supply & Treatment, 3rd Ed. ($0.75).........+.- National Lime Assn., Washington, D. C.................ccccceeeees Hoover 


(F) Available as Free Publication at this writing. 
Journals and Magazines (Applies to Lists 1 and 2) 


Journal and Monographs of the American Waterworks Association 
Journal of the New England Water Works Association 
Current Water Works Technical Magazines and Trade Papers 


LIST NO. 2~FOR MANAGERS, CHEMISTS AND OPERATORS OF LARGE WATER WORKS 
(In addition to List No. 1) 





, las 


Place 
West 


arby. 
West 









Books Publishers Authors 
ee oP re ey ee John Wiley & Sons, Inc., New York City................. Herbert Addison 
Boiler Feedwater Purification ($4.00) .................MeGraw-Hill Co., New York City............ 6. cceceesseeeeeeeees Powell 
Business Administration for Engineers ($5.00).......... McGraw-Hill Co., New York City............-..e0000- Harding & Canfield 
Business Law for Engineers ($4.00)..........2+eeeeeees ED hn DUNE CUE OM no cv cacuanenddrvedsencednes abana Allen 
Chemistry of Water and Sewage Treatment****......... Chemical Catalog Company, New York City****................... Buswell 
Concrete Engineers’ Handbook ($6.00)...........-+-00: McGraw-Hill Co., New York City.............cccceeeeees Hool & Johnson 
Corrosion; Causes and Prevention ($7.00)...........-+s McGraw-Hill Co., New York City.........c.sscsccsccscsescccececs Speller 
Data Book on Design for Civil Engineers ($7.50)...... John Wiley & Sons, Inc., New York City............ ...Elwyn E. Seelye 


(Continued on page R-14) 
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LIST NO. 2—FOR MANAGERS, CHEMISTS AND OPERATORS OF LARGE WATER WORKS 
(In addition to List No. 1) 


Books Publishers 





Auth 

SOD WHE MINN ido veiw winisie'xcrwnsiewe wadinurs eae ... The Gulf Publishing Co., Houston, Tex................. Walter H Tel 
ee eee McGraw-Hill Book Co., New York City.............. Hanna and } ee 
Elements of Hydraulics ($1.50).................ee eee John Wiley & Sons, New York City.....-..-.--.s-see fpennedy 
Elements of Water Bacteriology—Sth Ed. ($2.50)....... John Wiley & Sons, New York City.................. Prescott & Wind 
Elimination of Tastes and Odors in Water ($5.00)...... McGraw-Hill Co., New York City.............ccccsccccccsccece pa 
Fresh Water Biology ($7.00) ............ceccceseeccees John Wiley & Sons, New York City..................00.. Ward & Whe 
Fresh Water Algae ($6.00) ...........+seeseeeeeee+e0eeMeGraw-Hill Co., New York City..............cccceccccccecees, grple 
Geomorphology ............0ccceeeesceceeeeesceeeeses McGraw-Hill Book Co., Inc., New York City....... Pee A, K ioe 
SS OOS OS ee re McGraw-Hill Book Co., New York City..................... CF Tolman 
Guiding Principles of Public Service Regulations ; 

Uk. ES Ree ee ae Public Utilities Reports, Inc., Rochester, N. Y..................... S 
Handbook of Applied Hydraulics...............00ee00e ROCLONIM“EEEE Gig SHOW VOU COs cs cccccccceseccerceccecccdccess Varion 
Handbook of Hydraulics ($4.00)............ceceeceeees MeGraw-Hill Co., New York City.....cccccccccccccscesccccsecccce ne 
OORT PO WEE OE I, Mann cscvanceeanetessissnscssdunssvetenans Addison 
Index to Jour. of A. W. W. A—1881-1933 ($2.00)..... Am. Water Wks. Asem, New York City...........scccesccsccscsecces 
“Industrial Water Supplies” (nominal charge).......... Ohio Geological Survey, Columbus, Ohio...................... C. W. Foulk 
Mechanical Engineers’ Handbook—l1Ith Ed. ($5.00)..... Joun Wiley & Some, Mew Werk Cy... cccscccccccsssescscesccenccces Kent 
pH and Its Practical Application ($3.50)............... Williams & Wilkins Co., Baltimore, Md........... LaMotte, Kenny & Reed 
nN ON i os cn edn Wisi ne Ra eARORE McGraw-Hill Book Co., Inc., New York City............ Oscar E. Meinzer 
Plumbing Engineering ($3.50)............cceeeceeeeees Peete Peper CO, INOW WOEM soc ccvcccccsivcvsvcccccccuces Cleverdon 
Pocket Companion (nominal)..............eeeeeeeecees Carnegie-Steel Corp., New York City.........csccceccses scccecesecs, 
Public Utility Rates****.............cccccccccsesececes McGraw-Hill Co., New York City****...............ccceccceeeeee Barker 
Public Utility Rate Structures ($4.00)...............00. Ge Gig SU HUE GI ce déccawardievacscénesscesessecuar Nash 
Summary of Census Data on Water Treatment Plants 

i CE Secu pace nieneeykuee satan een eweuel Am. Water Works Assn. Reprint............... U. S. Pub. Health Service 
Textbook of Bacteriology ($8.00)...............0.eeees D. Appleton & Co., New York City...............20cncceees Zinser & Jones 
The Hardy Cross Method of Distribution System Design. Univ. of Illinois Engr. Exp. Sta. Bul. No. 286................ Hardy Cross 
Theory and Practice of Public Utility Valuation****...McGraw-Hill Co., New York City****........... 0... ccccceececues. Maltbie 
Water Borne Typhoid Fever Outbreaks (nominal)....... i Ps sc nen can Gate ss wendeKenarwe Wolman & Gorman 
Water Supply and Sewerage ($5.00)................... McGraw-Hill Co., New York City. ............ccccecccccccccececcess Steel 
Water Supply Engineering (3rd Ed. $6.00)............. McGraw-Hill Co., New York City...............00c0eee Babbitt & Doland 
Water Supply Paper No. 658 (Quality of Waters) 

DE Sududs Savhienudeawoued cane caues ce reeedast U. S. Geological Survey, Washington, D. C..................5 eeeee Stabler 

*e**Out of print. Try National Bibliophile Service, 347 Fifth Ave., N. Y. City. 

For Journals see list No. 1. 
LIST NO. 3—FOR OPERATORS AND MANAGERS OF SMALL SEWAGE WORKS** 

Books Publishers Authors 
Chemical Treatment of Sewage (nominal).............. Amer. Pub. Health Asam., N. ¥. Coc. ccccccccccccscccccs Committee Report 
Chlorination in Sewage Treatment****................. Pe Ee eee Committee Reports 
Laboratory Manual of Water and Sewage Analysis 

2 8 SS errr eer McGraw-Hill Co., New York City.......... Theroux, Eldridge & Mallman 
Manual of Sewage Works Operation****............... New Jersey Sewage Expt. Sta., New Brunswick, N. J.****................ 
Operation and Control of Sewage Treatment Plants..... New York State Dept. Health................... N. Y. State Dept. Health 
Principles of Sewage Treatment ($0.50).............00. National Lime Assn., Washington, D. C.............. W. Rudolfs and Staff 
Reprints of Technical Papers on Chlorine in Sewage 

EE OND siiind écccunudbawatnsekeeeeksaaeeen en eee oe nee Ce. Dee OE. D. ... ccccsecvesccceseaseecnnan Various 
I BI Cs vcnnccncssntewewawnnecnneed John Wiley & Sons, Inc., New York City................. Imhoff and Fai 
Sewage Treatment Works ($6.00).................++++++McGraw-Hill Book Co., New York City..............cccsecesceees Keefer 
Sewerage and Sewage Disposal Text Book ($6.00)...... McGraw-Hill Co., New York City...............cccececces Metcalf & Eddy 
OE) aE area ane: Pea, eS WORE FAO, COIN. onic ccc ccceccdnancecneseseusces Various 
Standard Methods of Water and Sewage Analysis ($2.50) Amer. Pub. Health Assn., N. Y. C............... A. W. W. A.-A. P. HL. A. 


Journals and Magazines 


Sewage Works Journal—(Official publication, Sewage Works Federation) 
Current Sewage Works Magazines 


LIST NO. 4-FOR MANAGERS, CHEMISTS AND OPERATORS OF LARGE SEWAGE WORKS** 
(In addition to List No. 3) 


Books Publishers Authors 

American Sewage Practice Vol. 3, Sewage 

Treatment (1935 Edition) ($7.00)..............0000- McGraw-Hill Co., New York City...............0.eeeeee Metcalf & Eddy 
Industrial Waste Treatment Practice ($5.00)............ Cs, EE Go od cednkksccegnnenesenenactens Eldridge 
Modern Sewage Disposal ($3.50) ............cceeeeeeee Federation of Sewage Works Assns., New York City.............. Various 
Municipal and Rural Sanitation, 3rd Ed................ Mc-Graw-Hill Book Co., Inc., New York City.............. Ehlers & Steel 
Sewage Trade Waste Treatment................ vileniesne Govt. Printer, Adelaide, Australia................... Henry J. N. Hodgson 
on ccc none sneeunuewaduesddetead John Wiley and Sons, New York City****...... Kinnicutt, Winslow & Pratt 
a" YO BS! eee Da WO Ge OE, DOOW WOE GM, coc cncccccesccccecscssecweusee Folwell 
Sewerage and Sewage Treatment—2nd Ed. ($4.00)...... ee rrr Hardenberg 
Sewerage and Sewage Treatment—4th Ed. ($5.00)...... SOG Ge NE, BOT TOE Gn occnccccsscccccccoccessnceeeet Babbitt 
se ce cad eae Rows NE a eek ume i oan os tuba ch bheee nk eeumeil Bevan and Rees 
Solving Sewage Problems ($6.00) ..............eeeeees McGraw-Hill Co., New York City.................0-: Fuller & McClintock 
The Chemistry of Water and Sewage Treatment****....Chemical Catalog Co., New York****...........ccccccccscccceeces Buswell 
The Hoover Plumbing Code (B. H. 13) (nominal)...... ly Gis ID Ce Gs 6'0'0.0.04-.0005056006505450000000860%0008000008E 





(F) Available as Free Publication at this writing. 
*ee*QOut of print. Try National Bibliophile Service, 347 Fifth Ave., N. Y. Cit 


y. > 
**Note—Sewage works men should examine Lists 1 and 2—also for several (F) publications of value to all alike—for instance, 
“Conversion Factors for Engineers” and the hand-books of pipe and pump data. 
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+ Y golf course has its “par” and 
= confiemed golfer his “handicap.” 
The object of both is to improve the play- 

’. gerformance. 
te water works field the major hold- 
ing companies have developed a system of 
yardsticks OF checks upon the operations 
of their respective | properties, individually 
adapted to the variations in service condi- 
tions, equipment and other facilities avail- 
able for the service. These checks undoubt- 
edly pay dividends for those companies and 
are an important part of the holding com- 
sanies’ service to their operating proper- 
ties. A very small percentage of all the 
water works systems in the country, how- 
ever, are under holding company operation, 
and it is for the purpose of providing some 
general yardsticks for the large number of 
independently operated systems that this 
discussion is written. These yardsticks 
must necessarily be general but material 
deviations from the general range should 
fag the operator’s attention and will usu- 
ally indicate the desirability of investigat- 
ing the causes for the lack of conformity. 
In most cases this will result in improved 
operation. oc wey 

Starting with the widest generalities, it 
may be stated that the over-all number of 
employees in the operating and maintenance 
departments of the average water works 
will be within the range of one employee 
for each 800 to 1,200 population for cities 
of about 25,000 population, becoming less 
with greater populations and usually aver- 
aging one employee to each 1,500 to 2,000 
population for cities in the million popula- 
tion bracket. Obviously, individual cities 
are affected by remote and widely scat- 
tered sources of supply, pumping stations, 
purification plants, etc., but the above fig- 
ures are sufficient to indicate a very gen- 
eral range in total personnel. 

Water works revenues in other than’ the 
more arid sections of the country normally 
range from $5.00 to $7.00 per capita per 
year. Operating expenses other than de- 
preciation normally average approximately 
$2.00 per capita, with a range of from 
$1.25 to $3.00 per capita. The investment 
in property will average around $70 per 
capita and the annual depreciation charge 
will vary from approximately 75c per cap- 
ita average for private water works to 
$1.25 per capita on municipally operated 
water works where the retirement reserve 
is largely utilized for new construction. 
From these generalizations more specific 
reference will be made to some items of 
water works operation and their costs in 
which economies can most frequently be 
effected. 


Pump Efficiency 


Too few operators have information rel- 
ative to the operating efficieney of their 
pumping equipment or what constitutes effi- 
enciés practicable of attainment. In re- 
cent years there has been a noticeable trend 













toward motor-driven centrifugal pumping 
quipment, with which the following dis- 
cussion is concerned. 


Deep Well Turbines 
Deep well turbine pumps are most fre- 


quently of low efficiency, due to the fact 
that they are usually installed from 100 to 





By LOUIS R. HOWSON 
Alvord, Burdick & Howson, Engrs. 
Chicago, Ill. 


300 ft. below ground surface, are out of 
sight and costly to remove for inspection. 
Over the years, however, they have been 
developed to a high degree of reliability. 

It is now practicable to secure new 
equipment of this type in capacities of 700 
gpm. and upward, which will operate at 
from 67 to 70 per cent or higher wire-to- 
water efficiency. It is the author’s belief, 
based upon personal observation, that a 
large proportion of deep well turbine equip- 
ment is operating at so low an overall effi- 
ciency that its replacement is warranted. 
On a recent investigation of a water supply 
which had three deep wells in the Chicago 
area, efficiency tests showed that all three 
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GUIDES AND CHECKS ON WATER WORKS OPERATION 


the average deep well turbine installation 
should use somewhere between 450 and 500 
xwhr. per mil.gal. pumped 100 ft. higher. 
Each 5 per cent loss in efficiency, with 
power purchased at lc per kwhr. and as- 
suming substantially continuous operation, 
will cost approximately $150 per year per 
million gallons pumped 100 ft high. The 
correction of but a 5 per cent loss in effi- 
ciency will usually pay at least 25 per cent 
return on the cost of new bowls or the re- 
habilitation of the old equipment. 

From the above, the following conclu- 
sions are indicated: 

1. All deep well turbines should be fre- 
quently checked for wire-to-water effi- 









































pumping units had over-all efficiencies of ciency. 
TABLE I 
Annual Cost Approx. Annual Annual Power 
of Power @ Price of Cost of Saving as % 
Approx. 1c/kwhr. Pump and 5% Loss Return on Cost 
Over-all Operating Coupling for in Eff. @ of New Pump 
gpm Eff., % 75% of Time 200-Ft. Head 1c/kwhr. and Coupling 
700 65 $ 2,600 $ 370 $ 200 55 
1,400 70 4,920 470 350 74 
2,100 73 7,100 600 485 81 
2,800 76 9,000 750 590 79 
3,500 78 11,000 900 700 76 
4,200 79 13,000 1,050 830 79 
4,900 79 15,300 1,550 960 62 
5,600 79 17,500 1,800 1,100 61 
6,300 80 19,400 1,900 1,200 63 
7,000 80 21,500 2,050 1,345 65 














less than 50 per cent. 
a 1000 gpm. delivery at a 140-ft. head, and 
testing 43 per cent efficient, was removed 
from the well for inspection. It was found 
that the pump was badly worn and that 
some of the shaft bearings and column pro- 
tector pipe were in poor condition. The de- 
fective bearings, shafting and pipe were 
replaced and new pump bowls purchased, 
involving a total expenditure of approxi- 
mately $1,100. The saving in power due to 
the more efficient unit amounted to about 
$950 per year, sufficient to pay about 85 
per cent annual return on the investment 
in the new unit. It would have been pos- 
sible to purchase a new set of bronze pump 
bowls without the shafting and pipe for this 
unit for $535, and to increase the over-all 
efficiency from 43 to 68 per cent. The cost 
of the new bowls alone would have been 
fully recovered in about eight months’ op- 
eration with the higher efficiency unit. 

The pump bowls in at least one of the 
other wells are scheduled for replacement 
the next time the pump is pulled for any 
reason. In the meantime, the new, more 
economical unit is performing the major 
part of the pumping. 

In another northern Illinois city two deep 
well 600-gpm. turbines, operating at ap- 
proximately 250-ft. head, were recently 
tested. The wire-to-water efficiencies were 
40.6 and 37.2 per cent, respectively. One 
of these units is now being replaced with 
an entirely new 1,000-gpm. unit with a 
guaranteed over-all efficiency of 67.5 per 
cent. The total cost of the motor, pump 
and 300 ft. of discharge column and shaft- 
ing was 7,100. The saving in power will 
pay for the entire cost of this unit in a little 
over two years’ time. The old unit is being 
rehabilitated for use as a spare. 

As a check on the efficiency of operation 
of deep well turbines, it may be stated that 





One unit, having ~ 
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2. Evéry deep well turbine should be 
carefully tested for efficiency prior to pull- 
ing the pump for inspection or other pur- 
pose. 

3. Every deep well turbine installation 
should be so piped and wired that the 
water delivered and the energy used can 
be measured on the individual installation. 

4. Every deep well turbine installation 
should be provided with means of measur- 
ing water levels. These measurements 
should be made at frequent intervals and 
the data recorded. 

5. Whenever the wire-to-water efficiency 
falls below 60 to 65 per cent it will usually 
pay to overhaul or replace the pump bowls 
if the unit is operated any large propor- 
tion of the time. 


Horizontal Centrifugals 
The observations made with respect to 


“deep well turbines apply equally well, al- 


though usually with somewhat less force, 
to horizontal motor-driven centrifugal 
pumps. Certainly any centrifugal pump, 
which has been in continuous service for 
more than ten years and which is being 
used for “base load,” is under suspicion 
as being uneconomic unless shown other- 
wise by test. 

Table I shows the approximate over-all 
efficiencies which it is practicable to ob- 
tain with modern pumps of this type when 
operating against a 200-ft. head. 

As compared to the above efficiencies 
four centrifugal units averaging 1.5 mgd. 
in capacity, which were recently tested in 


an Illinois water plant, had over-all effi- 


ciencies of 55.2, 41.3, 46.5 and 49.7 per 
cent respectively. The 55.2 per cent effi- 
ciency unit was of course the one most 


used. By installing one complete new unit 


of high efficiency, at a cost of less than 


$2,000 for motor and pump, to do most of 
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the pumping, and by retaining the other 
inefficient units for reserve, it was possible 
to reduce the power cost by $600 per year, 
a 30 per cent return on the investment. 

In general it can be stated that any cen- 
trifugal pump with a capacity of more 
than 4 med., which is performing with 
less than 70 per cent over-all efficiency, is 
uneconomical and should be repaired or 
replaced if the pump is to remain in con- 
tinuous service. Complete new pumps and 
motors in sizes up to 10 mgd. and normal 
operating heads are available at a cost av- 
eraging about $500 per mil-gal. pumped 
100 ft. high. A new pump and motor will 
earn approximately 15 per cent on the in- 
vestment as compared to an old unit that 


as good as the more efficient equipment if, 
operated only on peak or fire requirements. 
Its replacement is justified only when op- 
erated enough hours so that the saving in 
power used exceeds the interest and depre- 
ciation on the cost of the new unit. If its 
use becomes relative!y continuous a smaller 
loss in efficiency will finance the replace- 
ment. Expressed in another way, if base- 
load pumping units of high efficiency are 
maintained, the less efficient units can usu- 
allv be economically retained as reserve 
units for long periods. 


Meter Reading 


There is a wide range in the costs of 
meter reading in water works systems. 








TABLE II 
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is 5 per cent less efficient. Assuming that 
the motor can be used, and only the pump 
discarded (which is usually practicab!e), 
the money expended for the pump alone 
would produce approximately 50 to 75 per 
cent return by operating at only 5 per cent 
better efficiency than the old pump. 

In general, any pump in the 1- to 3-mgd. 
capacity range is uneconomic for regular 
service if its over-all operating efficiency 
is less than 60 to 65 per cent or, expressed 
in another way, if it uses more than 500 
kwhr. per mil-gal. pumped 100 ft. high. 

Similarly, any pumping unit in the 6- to 
10-mgd. capacity range, which is in regu- 
lar service and which is operating at less 
than 70 to 75 per cent over-all efficiency, 
or approximately 475 kwhr. per mil-gal. 
100 ft. high, is uneconomic. 

The above statements do not mean that 
all equipment of low efficiency should be 
replaced. Such equipment is substantially 


The general average cost of meter reading 
varies between 5c and 7c per reading. 
There are many instances where the cost 
in cities using outside settings is as low 
as 3c and occasionally one is found where 
the cost is as high as 13c. A well-operated 
private plant in a southern city has aver- 
aged 1.8c per reading over the last five 
years. In that plant two meter readers, 
each with an assistant to remove and re- 
place meter box covers, read 18,500 meters 
each month—an exceptional performance. 
The difference seems to lie partly in the 
amount of gossip the meter reader dis- 
penses and accumulates along the route. 
The manager of one large operating com- 
pany advised that the principal difficulty 
that his company experienced in employing 
girl meter readers was the time lost 
through gossiping with the consumers and 
in negotiating “refreshments” offered to 
them. He reported that this was eventually 
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corrected by bonus incentiy i 
number of readings and decrees Tease 
in reading. Meter reading js essenti 
B reopen yt > which careful route- ia! 
ning and study can set a st : 
system. on = 
Billing 

The handling of billing and collectj 
assuming an average use of modern ae 
counting equipment, should be done With 
one employee for each 1,000 bitls mene 
less per month. Some systems handke 
double this number per employee. In ¢h 
system cited above for its meter reading 
performance, a force of seven girls hand] 
the billing and accounting for the 18 59) 
monthly accounts, an average of 2,650 bill 
per employee. 


Hydrant Repairs 


Analysis of the records of a considerabie 
number of cities discloses that the annua! 
expenditure for hydrant repairs will yary 
from $1.75 to $4.00 per hydrant, with th 
general average about $2.50. In one city 
where there was a nine-year average cs 
of hydrant maintenance of $8.05 per year 
per hydrant, investigations showed that th 
use of hydrant wrenches was substantially 
unrestricted. Every street employee, fir. 
man, contractor, street flusher and many 
others had a wrench and used it freely 
Further analysis showed that in this city 
there was an annual replacement equiva. 
lent to 70 hydrants for each 10,000 ip. 
stalled, as compared to a general average 
figure of 25 to 35. Bad practice regarding 
usage of hydrants adversely affected both 
the annual maintenance cost and the life 
of the hydrants. 


Meters 


The big difference in wunaccounted-for 
water recorded by municipalities is be. 
lieved to be most largely due to: (1) the 
character of meter maintenance, and (2) 
the sizing of meters. 

In the normal city, with meters properly 
proportioned to the service, over 9 per 
cent of all meters are 1 in. and under 
Recently, in a comparatively small, wholly 
residential town, where an_ investigation 
disclosed more than 30 per cent of th 
pumpage unaccounted for, it was found 
that the size of meter was determined 
either by the size of the service or the cus- 
tomer’s request. There was no graduated 
scale in minimum charges. It was found 
that 2.5 per cent of all meters were larger 
than 1 in. and. that 6 per cent of the meters 
were 1 in. or larger. Illustrative of the 
laxity in meter sizing and its effect upo 
unaccounted-for water is a fountain in th 
municipal building which continuous) 
runs at a rate of more than 1 gpm. The 
municipal building was served through 3 
2-in. meter which failed to register ths 
amount flowing through the fountain and 
which began to register only when another 
fixture was opened to nearly full flow. 
This 2-in. meter was replaced by a lm 
and in the first month it recorded 30, 
gal. more than the 2-in. meter had bee 
registering. 

Investigation further disclosed that ther 
were many 2-in. meters on lawn “gat 
sprinkler” installations which were rate) 
used but which allowed the normal hous: 
hold requirements to slip by without re 
istration. One residence even had a $i 
meter and there were many 134- and 2-0 
meters on residences. It was found that 
the 1%4-in. meters averaged two- 
more water registration than the 2-in. m 
ters. 
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tes been ascertained that from 12 to 
15 per cent of all water used is at rates of 
25 gpm. or less. Kuranz’ found that only 

+ eleven of the 52 cities tested their 
eters on a flow as low as 0.25 gpm. 
ations made by the author’ showed 
221 meters tested in eight different 
53 meters selected from service at 
random failed to register at all when tested 
at a rate of 100 gpd., and 44 more regis- 
ered less than 50 per cent of the water 
passing through them at that rate. In 
one city in which the unaccounted-for water 
was 42 per cent, not a single meter of 
twelve tested registered at 100 gpd. It is 
the author’s opinion that meter testing is 
sarcely worth doing at all unless the me- 
ters are adjusted to catch flows of 0.25 


gpm. or less. 


Meter Repair Costs 

The frequency of meter repairs and the 
procedure by which meters to be tested are 
selected vary widely in different cities, pre- 
sumably reflecting the experience of the 
yarious cities and the variations in waters. 
In the records of ten cities recently studied, 
an average of 12 per cent of the total num- 
ber of meters was repaired each year. That 
would indicate a general average of a 
meter being thoroughly overhauled once in 
eight years. The weighted average cost of 
meter repairs in seven of these cities for 
which the costs were available was approx- 
imately $1.70 per meter based upon ap- 
proximately 25,000 meters repaired. 

In a recent check on a small private wa- 
ter company in which 484 meters were 
tested, the average over-all cost was $1.26 
per meter, divided equally between labor 
and materials. 

Kuranz’ records figures from approxi- 
mately 50 plants from which it is computed 
that the average time for meter repairs in 
42 cities was one hour and 24 minutes and 
the average cost of repair parts 3lc. De- 
ducting this 3lc from the total for labor 
and materials of $1.70 above referred to 
would leave $1.39 as the labor cost. This 
$1.39 spread over Kuranz’ average time of 
one hour 24 minutes per meter would give 
a labor rate of $1.00 per hour, indicating 
a good agreement in the data. 

Repairing meters to catch small flows 
pays dividends. The city accounting for 
but 58 per cent of its pumpage fifteen 
years ago (previously referred to) has 
30,000 meters. Last year it was paid for 
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89 per cent of the pumpage—adjusting me- 
ters so as to catch small flows was the 
principal difference. In a single year in 


another city the meters in one-third the 


system (about 15,000 total) were tested 
and adjusted to catch small flows. The 
results were so impressive that the other 
two-thirds were then similarly adjusted. 
That city now gets paid for 90 to 92 per 
cent of the pumpage. From the above it is 
concluded that: 

1. It is usually practicable to measure 
and receive payment for 85 per cent or 
more of the pumpage. 

2. The principal factors in reducing “Un- 
accounted-for water” are believed to be 
improved meter repair and meter adjust- 
ment to catch low flows. 

3. Every meter that comes to the shop 
should be adjusted so as to register accu- 
rately all flows at least as low as 0.25 gpm. 

4. The average cost of meter repairs is 
prohably between $1.25 and $1.75 per meter. 
Assuming that as an average 12 per cent 
of the meters are repaired per year, this 
is equivalent to from 15c to 25c per year 
when spread over the total number of me- 
ters installed. 

5. The total cost of operation and main- 
tenance of more than 500,000 meters in a 
number of larger cities for which records 
are available is approximately 50c per me- 
ter. This includes routine testing, clean- 
ing and maintenance, as well as repairs. 

6. Proper sizing of meters is important. 
This should be determined solely by the 
utility. : 

7. Service or minimum charges should 
be so graduated as to make over-sizing un- 
attractive to the water consumer. 


Car and Truck Operation 


There is a wide divergence in the use of 
cars on various water works systems. It 
would appear that this use, if properly 
regulated, should be a reflection of the 
mileage of mains in the system and the 
population served. 

L. A. Geupel® submitted data regarding 
automobile use in 22 cities with popula- 
tions varying from 100,000 to 200,000. The 
average population was approximately 
140,000. The average number of cars and 
trucks in these systems was 27 per system 
or a weighted average ratio of one car per 
5,300 population. The average miles op- 
—- per year per 1,000 population was 
1,870. 

An analysis made in the author’s office 
of fifteen cities varying in population from 
225,000 to 1,000,000 showed a weighted 
average of 8,000 population per car and 
an average mileage of 1,120 per year per 
1,000 population. In one city which was 
investigated in detail, there were substan- 
tially no restrictions on the use of cars and 
all cars were stored in the private garages 
of the men using them. In this city there 
was an average of one car for each 4,500 
people and the average mileage per 1,000 
population was 2,860; the annual mileage 
per mile of main was 1,310, a figure two 
and one-half times the general average; 
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the average annual cost per mile of main 
was $83.50, as compared to a general av- 
erage of $28.20; and the annual cost per 
capita was 18c, as compared to a general 
average of 6c. 

In general it is believed that a reasonable 
mileage for cars and trucks in a water 
works system is best indicated by the 
mileage of mains which they are called on 
to service and a general figure of 500 miles 
of travel per year per mile of mains in the 
distribution system is reasonable of at- 
tainment. 


Distribution System Operation 
And Maintenance 


This item, excluding services and meters, 
is primarily a reflection of the mileage of 
mains in the system and the size of the 
mains, although if there is a large amount 
of material other than cast iron it may also 
be affected thereby. In general, the cost 
of distribution, system operation and main- 
tenance, exclusive of services and meters, 
in well-maintained systems averages about 
$12 per inch diameter per mile of pipe 
per year. 


Operating Records 

Every water utility should have a stand- 
ard form of report. This report should be 
prepared monthly so as to show current 
costs and efficiency in comparison with 
those of the corresponding month of the 
previous year. The annual report does not 
serve this purpose adequately. The post 
mortem review of operations, too long dead, 
which it records, simply embalms ineffi- 
ciency, the correction of which requires 
prompt knowledge of its existence. 

An example of what is believed to be a 
minimum in monthly reports is shown in 
Table IJ. This is usually expanded to 
show details. 

Municipal utilities would benefit, as those 
privately owned have benefited, from the 
adoption of the Standard Classification of 
Accounts prescribed by the National Asso- 
ciation of Railway and Utility Commis- 
sioners. 


Conclusions ; 

The foregoing illustrates some of the 
checks which can be readily applied to the 
ordinary water works operations. It is 
hoped that those who read this discussion 
will be moved to analvze their own oper- 
‘ions, compare them with these very gen- 
eral standards, and establish “par” for each - 
operation in their own plants. 
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LEGAL RESPONSIBILITIES OF WATER OPERATORS 


By JOHN H. MURDOCH, Jr., Attorney 


American Water Works and Electric Co., New York, N. Y. 


A WATER works operator has the legal responsibility to in- 
stall, maintain and operate reasonably adequate and safe fa- 
cilities and to render reasonably adequate service and to deliver 
to the public reasonably pure water. 

That statement may cover the situation but probably a little 
more detail would be helpful. 

A water works operator has the legal responsibilty to obey 
specific mandatory laws and the lawful orders of the constituted 
health authorities. It is assumed that you know the laws appli- 
cable to your work and that as law abiding citizens you obey laws 
and lawful orders. A fuller statement of your legal responsibili- 
ties is needed. 

While such a fuller statement is needed, some limits as to sub- 
ject matter must be placed. 

There have been deliberately eliminated from this paper any 
matters as to which the legal responsibilities assumed by a water 
works operator differ because the water plant is owned by a 
municipality, an authority or a private company. In the matters 
to be covered here the same principles are applicable no matter 
what the type of ownership. For that reason the phrase “water 
utility” is used to designate the owner of the plant whether that 
owner be a municipality, an authority or a private company. 

A water utility acts through its individual operators, and when 
those operators fail in the performance of a duty or responsibility 
to others, then the water utility has failed. And if damage is 
caused, then the water utility is liable for money damages. Some 
types of such failures to perform legal responsibilities are to be 
considered. 


Definitions of Some Terms 


To avoid the necessity of long repetitions in this discussion, 
some definitions are needed. These definitions and the discussion 
which follow them are not intended to be legally accurate, com- 
plete and exhaustive. To make them such would be exhausting 
and, practical-wise, unnecessary. Besides, this is not a legal 
treatise on Torts but a short talk among friends. Now for some 
definitions. 

Negligence: “The failure to observe, for the protection of the 
interests of another person, that degree of care, precaution, and 
vigilance which the circumstances justly demand, whereby such 
other person suffers injury.” (Cooley on Torts.) Negligence 
is also defined as “Any conduct which falls below the standard 
established by law for the protection of others against unreason- 
able risk of harm.” 

Standard of Conduct Established by Law: The standard of 
conduct to which one must conform to avoid being negligent is 
that of a reasonable man under like circumstances. 

Reasonable Man: Reasonable man is a person exercising those 
qualities of attention, knowledge, intelligence, and judgment which 
society requires of its members for the protection of their own 
interests and the interests of others. 

Unreasonable Risk: A risk which outweighs the value attached 
to the conduct which involves it. Illustration: A high pressure 
pipe line in a busy street may burst and cause damage. To oper- 
ate such a pipe line, therefore, involves a risk. Its social value 
outweighs this risk and the placing of it is not conduct involving 
an unreasonable risk. On the other hand, allowing unchlorinated 
water to be distributed while repairing a chlorinator or because 
of a depleted supply of chlorine would be conduct involving un- 
reasonable risk. 


Negligent Conduct: May be either 


(a) An act which the actor as a reasonable man should realize 
involves an unreasonable risk of causing an invasion of an 
interest of another, or 

(b) A failure to do an act which is necessary for the protec- 
tion or assistance of another and which the actor is under 
a duty to do. 

Having gone a long way around the hill, let us look for a short 


cut. When, on principle, is a water works operator negligent? 
From the defintions this conclusion can be stated: A water works 





This paper, presented before the Pennsylvania Water Opera- 
tors Association, Sept. 3, 
of the Association.—Ed 


1941, is here reproduced by permission 





W. & S. W.— REFERENCE & DATA — 1946 





operator is negligent when his conduct brings an 

risk of harm to his consumers or to persons or to peopertes 
others; and, when his conduct is not up to that standard of be 
duct, recognized by water works operators generally as seesine’ 
under like circumstances, to protect from unreasonable risk oth 
to whom a duty is owed. Each operator is judged by a standard 
established by good practice. And standards of good practi 
are established by the consensus of opinion of such groups as this 
Association and others with similar objectives. ss 


Some Legal Principles 


Before there is a legal liability for damages in negligence case; 
certain elements must be present. A statement of these elements 
is needed. 

First: Damages must have been suffered by some person, 

Second: This other person must be one to whom the actor 
owes a duty of protection or assistance. ’ 

Third: The actor must have done or failed to do some act. 

Fourth: This action or failure to act must have caused the 
damage. 

Fifth: The action or failure to act must have involved an wn- 
reasonable risk to others. 

Sixth: The action or failure to act must not have measured 
up to the standard of good practice under the circumstances, 

_ Seventh: The failure to act must have been a failure to act 
in a way in which the actor was under a duty to do. 

In short, before there is a legal liability for damages for negli- 
gence there must be negligent conduct resulting in damage toa 
third person to whom a duty is owed. 


Examples of Application of Legal Principles 


_With this background of definitions and legal principles, con- 
sideration will be given to three classes of cases in water works 
operation in which the principles are applied. 


Damage Caused by Water Escaping from Mains 


One of the frequent, but usually informal complaints against 
a water utility is that a leaking or broken main floods and dam- 
ages property. Claims based on such occurrences are not usually 
covered by public liability insurance, and if the utility is liable 
the damages collected are often considerable. For these reasons 
this class of damage will be touched upon briefly. 

As was pointed out above, the maintenance and operation of a 
high pressure water main in a busy public street does involve the 
risk that water may leak from such main and cause damage to 
the property, or the persons of innocent people. However, since 
no other way has yet been found to get water to the places where 
it is needed in our cities, and since the water is needed at those 
places for the uses of industry, commerce, domestic life, and fire 
service, the social value of the service far outweighs the risk in- 
volved and the risk is therefore reasonable. That being true, the 
mere placing and operation of the main is not negligence. The 
water utility is not an insurer that its mains will not break or 
leak. It is not liable for damages merely because water has 
escaped and caused the damage. Negligence must be proved. 

There have been cases, however, when liability has been im- 
posed and damages paid. One important city paid a large claim 
when these facts were proved: The main was laid in a ditch be- 
low which there was a large sewer; the main was partly sup- 
ported by timbers which were old and weakened when first m- 
stalled under the main; known to the water works operators, 
many subcellars were below the level of the main and sewer ; the 
ditch was opened several times to repair leaks caused by the sink- 
ing of the timbers and main; a large section finally broke; and 
water flooded adjacent cellars. Here we have a perfect example 
of negligence. 


There was damage; the utility owed the duty to the person 
damaged of so installing and operating its main that no more than 
a reasonable risk would be involved; the operators of the water 
utility did not support their main; this failure of support caused 
the damage; the failure to properly support the main was failure 
to do what a reasonable man would have done under the circum 
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The conduct of the water works operator did not meas- 
up to the standard of good conduct recognized by water works 


operators generally. ; wt 
In another city a change in operating conditions as to pressure 


brought about a pipe line failure and a flooding of property. The 
fine was designed for fifty pounds pressure and light class pipe 

been installed. Many years later the system was rearranged 
and a pressure of one hundred and fifty pounds was put on the 
fine. The line burst and damage was caused. There was negli- 

ence here because the act of placing that added pressure on a 
e line not designed to carry it was an act not up to the stand- 
ard recognized by water works operators generally. 

In another case a new line was laid. The street paving above 
the line kept sinking and at a lower level a “spring” developed. 
This condition continued for two years without an inspection of 
tg main by the water utility. A major leak eventually devel- 
and resulted in a flooding of cellars. The failure to inspect 
after the suspicious conditions developed was held to be negli- 
gent, as not being up to standard practice under the circum- 
stances. Water works operators have long known the significance 
of “springs,” which suddenly develop along a pipe line, as a sus- 
picious condition which should not be neglected. It pays to locate 
and stop leaks. 

Again, a known and serious leak was left unchecked for a 
period of twelve hours, during which no attempt was made to 
check it by closing valves or otherwise, and the flow of water 
increased due to the worsening of the blow out. The neglect in 
failing to attempt to stop the flow for a period of twelve hours, 
after discovery by the water utility, was deemed to be negli- 
gence. 

It seems, therefore, that the mere fact of water damage from a 
leaking main is not enough to impose liability but that such 
liability is imposed when the water works operator has failed in 
the legal obligation to use the care and skill recognized as stand- 
ard among operators generally, and when that failure caused in- 
jury and damage. 


Water-Borne Disease 


Ever since it became known that clear, cool, sparkling water, 
free of objectionable tastes and odors might yet be deadly as a 
carrier of typhoid and other water borne diseases, every water 
works operator has had the dread that some day, somehow, an 
epidemic would strike in his community for which his water 
utility would be found responsible. It may seem a contradiction 
in terms, but this very constant dread has been health-giving to 
ourselves and to our consumers. The dread has brought with it 
realization of great responsibility and a determination not to be 
found wanting. Our operators, our chemists, our bacteriologists, 
our engineers and our utility officers have all devoted their talents 
to the guarding of our public water supplies against disease. The 
State and Federal Health Departments have been efficient, re- 
sourceful, firm and untiring in the work. Its district engineers 
have been preaching the gospel of cleanliness, efficiency and con- 
stant care in every city and cross roads of our state. To all must 
go credit for the splendid progress that has been made in the last 
forty years. The battle has been won but the advanced positiom 
must be held by constant attention to duty. We have a call to 
continued service. 

A water works operator has the legal obligation to so operate 
his facilities that neither through his act nor through his neglect 
of a duty, lawfully imposed, will water borne disease bacteria 
teach his consumers. That is his obligation. 

The water utility is not a guarantor of the quality of the water 
furnished and by selling it or by rendering water service it does 
not give an implied warranty that the water is free of harmful 
bacteria. The reason for this rule seems to be that the volume 
handled, its sources, the possibilities of contamination by persons 
or agencies over which the water utility has no control, all com- 
bine to make it unwise and unjust to require the utility to guaran- 
tee the water. The rendering of water service in great quantities 
does involve some risk but the risk is reasonable when weighed 
against the large social advantage of having water delivered by 
an organization which assumes the obligation of seeing to it that 
its operators measure up to the standards of such groups as this 
Association. 

However, the water utility is liable for damages caused by 
negligence of its operators, and such liability has been imposed. 
Consider some instances. 

Occasionally an ill advised operator thinks a little bad water 
will do no harm and be unnoticed when, due to a break down, 
. other water is available. The sequel is usually a very sad 
story. 

For twelve hours water was taken through an emergency in- 
take from a highly polluted river. The normal source could not 
he used because of a break in a line. Deaths followed which were 
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proved to have been caused by drinking water brought into the 
system from the river. Here was action below the standard and, 
therefore, negligent. 

A chlorine machine broke down and water from a polluted 
source but clear, cool and sparkling, was, with the full knowledge 
of the water works operator, fed into the system. Deaths fol- 
lowed, and those deaths were caused by negligence. An operator 
failed to meet his legal obligations. 

In other cases the water works operator used facilities in nor- 
mal operation which were known to be faulty and in condition to 
permit pollution of otherwise good water. 

In one city a splendid filtration and chlorination plant was in 
operation. Water from it was taken under very low head some 
distance through a buried conduit. The conduit was in ground 
subject to flooding by contaminated water and the conduit was 
known by the water works operators to have holes through its 
walls. By the standard of reasonable men in water works opera- 
tion the conduct of these operators was below par. Negligence 
resulted in epidemic. 

In another case the water works operators of a utility knew 
that the casing of a water well was bad and that impurities might 
reach the water through such defective casing. They continued 
the well in use and were negligent. 


Water Safe at Source, Contaminated in Distribution System 


The cases which have been brought forward up to this point 
were cases in which the water works operator failed to live up 
to his legal obligations in using reasonable care in putting water 
into the distribution system of the water utiJity. Under such con- 
ditions, the other essentials being proved, the utility would be 
liable for damages. There are a number of old cases and some 
new ones where the contamination came into the distribution sys- 
tem after the water left the source. There are some interesting 
variations of principle in these cases, and further possible varia- 
tions which deserve thought. The illustrations which follow are 
in part imaginary but could happen. 

A city has two systems for water service. One is high pressure, 
non-potable, for fire service. The other is high quality potable 
water. To operate drawbridges in the city and to guard against 
delays due to possible failure of one system both systems are con- 
nected to water driven pistons operating the drawbridges. <A 
valve at each piston was supposed to keep the fire service water 
out of the lower pressure potable system. Some water works 
operator forgot to install one of these valves. Many complaints 
of bad water came from the district near the bridge where the 
valve was missing. These complaints were heard but unheeded 
for months until an epidemic developed and pollution of the sup- 
ply was proved. Here there was negligence on the part of the 
operator who failed to install the valve; negligence on the part 
of the operator who conceived of the idea in the first place; and 
gross negligence on the part of the water works operators who 
failed to make any investigation as to the cause of the bad water 
in the neighborhood. None of them lived up to the standard. 

Again a case of two systems, one potable and the other high 
pressure non-potable fire service. Here a cross connection had 
been ordered removed, but, instead the connecting valve had been 
merely closed. This cross connection valve was opened by mis- 
take and bad water was let into the potable supply system. After 
unexplained conditions indicated that something was wrong noth- 
ing was done to warn consumers for a number of hours. An 
epidemic developed. There was negligence in failing to remove 
the cross connections when ordered, there was negligence in open- 
ing the old cross connection, there was negligence in failing to 
warn consumers when the suspicious conditions developed. 

In another case the water utility has knowledge of the ex- 
istence of a cross connection within a mill or factory. The cross 
connection is installed by and for the convenience of the mill com- 
pany. Under orders of the health authorities it is so valved as to 
normally prevent water passing from the mill supply to the water 
utility system. All goes well until some person in the employ of 
the mill by-passes the properly valved by-pass and contaminated 
water reaches the system of the utility. 

Has any water works operator failed to perform a legal obli- 
gation in such a case? Consider several matters in this connec- 
tion. The cross connection was solely for the benefit of the mill 
and was on mill property and was installed and controlled by the 
mill. The water utility had no legal control over it. It was in- 
stalled with the knowledge of the public health authorities and in 
accordance with their requirements. The cross connection was 
opened by one over whom the water utility had no contrel. If 
there is nothing more to the case than this it would be very diffi- 
cult to prove negligence on the part of any water works operator. 

If, however, it develops that the cross connection has been open 
for several months and has during all that time been putting 
polluted water into the system, and if it further develops that dur- 
ing all that period the water works operator failed to collect sys- 
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danger spots exist. 


Unjustifiable Obligations Recently Expected 


This matter is mentioned because of a tendency on the part of 
public health authorities in some states (not Pennsylvania) to 
attempt to impose on water utilities what appear to be unjustifi- 


tem samples in the district where the supposedly closed cross con- 
nection was known to be, and examine them for evidence of con- 
tamination, then I think it possible that there was negligence. It 
is probable that a reasonable man, a good water works operator, 
would think he had a legal obligation to police his own distribu- 
tion system in the neighborhood on the off chance that some mill 
hand might open the by-pass and cause serious damage. 

The legal obligation would probably be different if the existence 
of the cross connection were absolutely unknown to the water 
works operator. In such a case there would be little, if any, rea- 
son to think that system samples should be collected in that par- 
ticular section. Water works practice probably indicates that, as 
a reasonable man, a good operator should collect system samples 
more frequently in regions where known conditions indicate poten- 
tial dangers, but only representative samples where no known 


able obligations. These authorities, knowin 

tions are hazards, even though sealed and Fee pre a 
that faulty domestic plumbing may cause localized contamina 
through back-siphonage, and knowing that some consumer + 
private well supplies of doubtful quality, are seeking to hase 
on water works operators the obligation of policing the fe 
and of inspecting the plumbing of all of the consumers hee 
to the lines of the water utility. ched 


Such an obligation ought not to be assumed. The water utili 
probably has no legal right to make the inspection and it cortal vd 
has neither the money nor the ability required to make the Orie 
inal exhaustive and complete surveys, thereafter, periodic ins ~ 
tion at frequent intervals, which alone could give real protection, 
By once assuming such an unjust obligation the water works 0 “ 
ator may possibly find one day that he is being held negligent i 
failing to do thoroughly that which he had unwisely undertaken 
to do. Good water works practice certainly indicates that it , 
better to do well that which water works operators have the legal 
obligation to do—police their own systems and facilities—than to 
raise a false sense of security by half doing that which they have 
no legal obligation to do. 





of the eyes and throat irritation. 


pressure in the crankcase. 


for % inch pipe. In many installations it 
makes a much easier and better looking 
connection if the breather pipe is extended 
so that both connections can be. made at 
the same level. Connect with a % inch 
pipe, putting a gate valve in the line, as 
shown in the accompanying picture. 


\fter making the piping changes, start the 
engine, first making sure that the % inch 
valve in the new connection is closed. When 
the engine is well warmed up, open the gate 
valve slowly until the suction obtained 
through the connection to the intake mani- 
fold overcomes the back pressure in the 
crankcase. A simple way to determine when 
this pressure is equalized is to blow smoke 
by the end of the breather pipe; if the 
smoke is slowly forced away from the end 
of the breather pipe, open the valve a little 
more; if the smoke is drawn into the 
breather pipe more than can hardly be de- 
tected, close the valve a little more. It 
usually takes a little patience to obtain just 
the right opening of the valve, so when this 
is obtained, tighten the packing nut on the 
valve with a wrench so that the vibration 
of the engine will not change the correct 
adjustment 
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N THE engine rooms which house Diesel engines there is 

usually a problem of fumes, in some cases to such an extent 
that even with all the windows open these fumes cause smarting 
These fumes, for the most 
part, originate in the crankcase of the engine and usually find 
their way into the engine room through the crankcase breather 
pipe. This problem is particularly acute in installations which 
have worn or stuck piston rings because the highly compressed 
vapors in the cylinders blow by the rings, producing a back 
This back pressure, in turn, forces 
the oil vapor and fumes out through the breather pipe. 


All this trouble can be eliminated by a simple piping job 
Drill and tap both the air-intake manifold and the breather pipe 


FUME TRAP FOR DIESEL AND OTHER INTERNAL 
COMBUSTION ENGINES 


By DON C. CALDERWOOD 


Engineer, Pennichuck Water Works Co., Nashua, N. H. 


Caution—Considerable care should be taken in adjusting this 
valve opening, making doubly sure that it is not open too wide 
If this valve is open more than necessary, the lubricating oil 
vapors in the crankcase will be drawn into the cylinders and 
burned as fuel; this in turn will cause high lubricating oil con- 
sumption. 

With this connection you are not only freed from the fumes 
which formerly gave you much discomfort, but you are actually 
burning and obtaining power from them, but remember that as 
a fuel, fuel oil is always cheaper than lubricating oil, so watch 
the valve setting for economy sake. 

This type of connection is not confined to Diesels alone since 
it can be used on any internal combustion engine. 











Fume Take-off Line on Diesel Engine. 


Suction on Crank-Case Breather Pipe from Intake Manifold Is Adjusted by Setting 


of Valve in the One-Half Inch Line. 
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DRILLING AND DEVELOPING DEEP WELLS 


By J. ARTHUR CARR 
Superintendent of Water, Ridgewood, N. J. 


The author of this article has for several years served as co- 
chairman with Jas. A. Harding of the A. W. W. A. Committee 
on Deep Wells and Deep Well Pumping. 


HILE some of the ideas expressed in this article are ap- 

plicable to wells of all types, they are offered chiefly from 
experiences in the construction of wells in the red_ sandstone 
formation, such as is encountered in Northern New Jersey. 

In the writer’s opinion, the most important points in the con- 
struction of a new well are: = 
"|. Full and complete specifications and a bid sheet permitting 
3 fair comparison of prices. 

2 The selection of a qualified contractor. 

3. A full-size hole that is plumb. 

4, Proper sealing. 

5. Proper and complete testing. 


(I) Specifications and Bid Sheet 


The preparation of specifications is not as simple a matter as 
it may appear if the interests of both the purchaser and con- 
tractor are to be safeguarded. There are several points both 


The cost of at least one test should be included in the bid 
price. In addition, the specifications should stipulate the amount 
to be paid for any additional testing which may be required. 
This amount is usually set up on an hourly basis. 


(2) Selection of Drilling Contractor 


Next in importance, after bids are properly filed and evalu- 
ated, is the selection of a skilled and experienced contractor. 
The contractor selected should be one who is not only finan- 
cially responsible, but more important, one who knows how and 
has the equipment to do a first class job and also the desire to 
do it. In this connection, a method which embraces the pre- 
qualification of bidders is desirable. 


Full and accurate records are most essential for the proper 
future operations of a well. There should be absolute insistence 
that the contractor keep and turn over to the owner detailed 
information as to what is being done and what is happening as 














Deep Rock Well Development, May, 1942, Ridgewood, N. J. 
a 


Here is seen the machine developed to work over the tops of existing well houses. 
This development work on these rock wells improved yields from 50 to 200 per cent— 
something heretofore not considered possible. 


in the specifications and bid sheet which, unless they are care- 
fully covered, may cause difficulty in deciding the low bidder 
and create misunderstanding in making payments. 


Usually the most expensive portion of the well is the portion 
which is cased down from the surface and into rock. Fre- 
quently the depth into rock to which the casing will be carried 
cannot be determined in advance. In order that all bids may 
be considered on a comparable basis, it is recommended that a 
statement be made in the specifications similar to the following: 
“For the purpose of comparing bids, the distance from ground 
surface to rock will be considered to be .. feet,” the distance 
mentioned being the approximate depth the rock is believed to be. 
The depth to which a well is to be drilled is also frequently 
difficult to state beforehand. So that bids may be comparable, 
a statement such as follows is advisable: “While the contrac- 
tor’s bid is based upon a maximum depth of .. feet, it is under- 
stood that drilling may be stopped at any depth by the engineer; 
Owever, it is guaranteed that the contractor shall be paid for 
at least .. feet of drilled well.” 


the work progresses. Samples of drillings at various depths 
should be preserved and the location of any change in forma- 
tion noted. 


(3) A Plumb and Full Sized Hole 


It is poor economy to drill holes that are likely to later prove 
too small. The hole should be started of sufficient size to permit 
as many reductions in diameter as may be necessary and still 
have ample diameter for the installation of a pump of high 
efficiency. 

During construction, a well should be plumbed and gauged 
at frequent intervals in order that the purchaser may be assured 
a straight and plumb hole of full required diameter. Watching 
the cable to see that it hangs in the center of the hole is a 
rough check for plumbness. Bit diameters should also be fre- 
quently checked. 

While a hole that is straight, although slightly out of plumb, 
does not interfere to any great extent with a pump setting, a 
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zigzag or corkscrew hole, or one with flat spots or constrictions 
in diameter, may cause much trouble and expense. 


(4) Proper Well Sealing 


In the writer’s opinion, there is only one sure and permanent 
method of sealing a rock well to shut off surface or top ground 
water, and that is by double-casing and cement filling the 
annular space between the two casings. The inner casing may 
be installed either before or after completion of drilling and 
should extend well past all soft or broken formation near the 
surface of the rock. If the inner casing is placed before the 
completion of drilling, care should be taken to avoid jarring 
and cracking the cement during subsequent drilling operations. 


Considerable care should also be exercised in placing the 
cement to avoid bridging and to entirely fill the space between 








View of the Top of the Double Packer 
Used in the Surge Treatment. 


casings. In placing the cement, the method most frequently used 
is to pipe the cement slurry all the way to the bottom of the 
space to be grouted. Grout should always be applied as one 
continuous operation. 


(5) Testing 


Tests should be made with a pump of sufficient capacity to 
handle more water than it is expected the well will produce and 
with the pump set at a lower level than the maximum antici- 
pated draw down. This should be done so that the maximum 
yield and the yield at different draw down levels may be de- 
termined. 

Opinions as to the duration of tests vary. The writer favors 
72 hour tests of continuous pumping, especially in new well 
fields or where there is a possibility of interference with other 
wells. For 60 hours the well is pumped at maximum capacity 
and draw down. Usually after the first 24 hours a point is 
found where the well stabilizes and the level does not change. 
The well is then pumped at that level until the 60th hour. The 
pumping rate is then gradually reduced at intervals of about 
1 hour and the draw down at different capacities noted. By 
this method a good record of the capacity of the well at dif- 
ferent drawn down levels is obtained. From this data the most 
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economical pumping level may be selected—a matter o 
erable importance when considering the day-after-day 
operation. 


f consid. 
Costs of 


Some Notes on Developments 


In the paragraph relative to plumbness and siz : 
made of development. In the past it has generally ‘cman was 
that when the drilling of a rock hole is completed > 
further can be done to increase the yield. From his exper 
in Ridgewood the writer is convinced that the odds in Nae 
increasing the yield in rock wells can be bettered by enstieae 
of some of the methods of development heretofore used only 
the development of sand and gravel wells. ya 


During 1940 two Ridgewood wells were developed, using the 
conventional valve type surge plunger such as is used y 
wells. The capacity of one well was increased 30 per Pod... 
that of the other well 200 per cent. = 

In the course of agitation of those wells, man i 
sand, clay and pieces of rock were brought into » pe ian ot 
with the other material were many small pieces of cement which 
seemed to indicate that practically all of the action due to agita 
tion was taking place immediately below the casing. This seemed 
to indicate that better results would be obtained if the effects 
of agitation could be spread over the entire well wall. 

With that thought in mind, a steel cage-like structure 30 feet 
long with a temporary seal at top and bottom was constructed 
This device was then suspended on a string of pipe and lowers 
to the bottom of the next well constructed. The well was then 
developed for several days, using a long, heavy, steel plunger 








Lower Section of the Double Packer and 
the Agitator Used. 


in place of the conventional one. The packers were raised a 

varying intervals of time until the well wall had been ex 

to agitation for its full depth. This method of dev 

was used on four wells during 1941 and the ome of all wa 

increased, the amount of increase ranging from 50 to 200 percam 
Early in 1942 development was applied to a well built is 

1932. This well was producing 80 GPM at a pumping |! 

120 feet. After development the well is producing 170 GPM# 

the same level. 
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TREATING INCRUSTED WELLS 





COnsid. ° one > 
— Effective Means of Increasing Production at Critical Periods 
By JOHN R. GOETZ and F. L. COVENTRY 
Superintendent Chemist 
On was Water Department, Mattoon, Illinois 
Coepted 
nothing hose is lowered until it is within a foot or so of the bottom of 


*Tiences COMEONE has very aptly explained corrosion as the process 


of the return of a metal to the composition in which it is 


lication found in nature—in other words, a return to nature through 
only in won processes. For example iron ore and rust are one and 
rs same chemically. o 
ing the Incrustation is, on the other hand, a deposition of material. In- 
in sand crustation with which this paper deals results in the clogging or 
nt and ioppage of well screens and/or water bearing formations. It 
oe result of deposition or collection of material in and about 
feet of ihe openings of the well screen and the voids of the water bear- 
Along ing sands Of gravel. It is usually hard and cement like; but it 
: which may be soft and gummy. Where the water is of an depositing 
) agita. nature, incrustation will appear sooner or later, and it is of im- 
seemed rtance to give careful consideration to all methods for the pre- 
effects ff vention or retarding of incrustation. 
Naturally such choking deposits cause a marked decrease in 
30 feet yell yields and something must be done about it. 
Tucted, 7 
owered Well Treatments to Boost Yield 
hn In general, there are two successful methods for treating in- 


crusted wells, namely, (1) pulling the incrusted screens, treating 
them for the removal of the incrusting material and resetting 
them; (2) treating the screens in place without pulling them. 

It is obvious that the first method is effective but it involves 
considerable risk and labor. If the incrustation is very hard it 
sometimes requires immense power to withdraw the screen, occa- 
sionally resulting in breaking the pulling pipe, or damaging the 
sereen. There is also some risk involved in replacing the screen 
after treatment. Treating the screens without pulling them with 
acid is not a new discovery so far as the use of the acid is con- 
cerned, yet we found very little information and less experience 
by water works operators in the use of the method. 

Our treatment of a well involves the use of muriatic acid 
(hydrochloric acid of commerce) which can be purchcased in 
convenient containers or carboys, usually of 12 gallons capacity. 
Full strength acid should be used and at least enough to fill the 
screen. As shown in the illustrations a length of garden hose 
about 34 or 1 inch in diameter, and of sufficient length to extend 
to the bottom of the well, should be obtained. Provision should 
be made for wiring the hose in place as to depth in the well. The 























the screen. If the screen is more than three or four feet long it 
is well to add enough acid to fill one foot of screen, then lift the 
hose one foot and add more acid. (Note—in the picture, you 
may see the rule and the wire which is fastened to the hose down 
in the well.) Into the upper end of the garden hose is taped (tire 
or friction tape) a length of small rubber tubing. The other end 
is connected to the carboy by means of a glass tee. A rubber 
syringe bulb is also attached to the tee to enable the operator to 
prime the acid “syphon.” The amount of acid for each foot of 
screen is calculated ahead of time, and can be checked by the rule 
as the level drops in the carboy. Example: A 10-inch screen 
will require about four gallons per foot, or one-third of the 
height of a 12-gal. carboy. 


The hose end is lowered to the bottom and worked upwards in 
order to produce as little dilution of the acid as possible. The 
acid being heavier than the water, will displace the latter, but it 
mixes with water so readily that it is easily diluted. 

The acid charge is permitted to stay in contact with the screen 
for twelve hours, during. which time the drop pipe and pump may 
again be installed ready for operation. Since we have a lime- 
soda softening plant we merely start the well pump and allow the 
operation of the plant to compensate for any excessive acidity in 
the first water coming from the well. 

Our experience has shown that as much as a 40% increase in 
well production followed the acid treatment of the well. 


A Few Precautions 


Necessary conditions for acid treatment of wells are: 


1. The well screen must be constructed of metal which will 
not be damaged by acid. _ Brass or bronze screens require muri- 
atic acid, while iron requires nitric acid. 


2. The screen must be constructed of one metal to avoid estab- 
lishing rapid galvanic corrosion which would greatly damage the 
screen. 

3. There should be some definite knowledge of the kind of in- 
crusting material so as to determine the proper acid. Samples of 
incrustation taken from other wells in the locality are usually 
available. In the absence of such samples an analysis of the 
water will usually indicate the proper procedure. 






Well Treatment Set Up 


The drop pipe is up and swung to one side 
out of the way. The rubber hose is down 
in the well, the lower end resting on the 
bottom, and the first charge of acid is ap- 
plied. The hose is hung from the wire seen 
by the rule, and is drawn up a foot at a 
time during the emptying of the carboy suf- 
ficiently to completely fill the screen. The 
drop pipe is returned to the well and 
twelve hours or so later the well is pumped 
free of residual acid and returned to serv- 
ice. Note the carboy tubing arrangement, 
and the bulb for starting the acid syphon- 
ing itno the dosing drop hose. 
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BASIC FACTORS IN THE POLLUTION OF 
SUB-SURFACE WATER 


By L. C. MacMURRAY 


Assistant Sanitary Engineer Maryland State Department of Health, Baltimore, Maryland 


THe problems involved in the pollution of sub-surface water 
frequently present many difficulties to the field worker en- 
gaged in the estimation of the effect of a focus of pollution on 
a water supply derived from underground sources. Much con- 
fusion exists due to too general acceptance of certain pseudo- 
scientific myths relating to the flow of sub-surface waters and 
the capacity of soils for ridding those waters of pollutants. The 
justification for this discussion lies in a desire to abate some of 
the misunderstanding of the subject by presenting certain of the 
fundamental physical and biographical principles involved, to- 
gether with a few elementary concepts of ground water hy- 
drology; and to underline the conclusions reached with the 
results of specific experimentation. 

Mountin’ calls attention to the low position accorded the 
routine sanitation activities of health departments, ascribing it, 
in part, to the lack of application of the biological principles 
upon which sanitation should be based. This observation might 
well have been extended to include not only biological but 
physical principles. Thus ground water pollution is limited not 
only by the environmental conditions affecting bacterial metab- 
olism but also by the physical 'aws governing the movement of 
water through capillary channels. In amplification, the slope of 
the time-concentration curve is influenced by temperature, mois- 
ture, pH and food supply, while the movement of ground water 
is influenced by the permeability of the soil and the slope of the 
hydraulic gradient. An understanding of these and other basic 
principles is essential to the successful interpretation of field 
observations and analytical data collected in relation to a specific 
problem. 


Basic Concepts and Terminology 


Water precipitated in the form of rain or snow either runs 
off the ground surface into streams or lakes, becoming surface 
water, or enters the ground to become sub-surface water. That 
portion entering the ground is affected by a variety of physical 
forces. Its downward travel is impelled by the force of gravity, 
modified by the permeability and absorption characteristics of the 
soil and withdrawals by vegetation at the surface. If the force 
of gravity controls the movement, the water passes downward 
until it reaches an impervious stratum through which it can 
not pass. The impervious stratum may be clay, compacted and 
cemented sandstone or metamorphic and igneous rocks under- 
lying the loose, uncompacted surface deposits. Through such 
a stratum there is either no vertical movement of water or the 
movement is so imperceptible as to be negligible. The down- 
ward travel of the water is halted by this barrier and the con- 
tinued arrival of increments of water results in the filling of 
the interstices between the individual grains and saturation of 
the overlying material. The extent of this saturation is de- 
pendent upon the amount of precipitation and the discharge of 
water from this zone of saturation? through springs, lakes and 
rivers, so that complete saturation of the soil between the ground 
surface and the underlying impervious stratum seldom occurs. 
The upper surface of the zone of saturation is called the water 
table. Above it exists a zone of under-saturation or aeration 
where the interstices are only partially filled with water. How- 
ever, all of the water entering the zone of aeration from the 
surface does not pass through it into the zone of saturation, since 
some is retained by surface forces of attraction at the boundaries 
between the solid material and the particles of water. Further- 
more, immediately above the water table some water is held 
against the force of gravity by capillarity in a “capillary fringe.” 
Figure I shows the relative positions of these various zones. 

Within the zone of saturation, the movement of the water is 
still influenced by gravity but it is further modified by the slope 
of the underlying impervious stratum. The movement in general 
will be influenced by the slope of the inclined surface of the 
impervious stratum and toward a point of ultimate discharge 
such as a spring or stream bed where the water table intersects 
the ground surface. The difference in elevation between the 
maximum elevation of the water table and the point of discharge 
will establish an hydraulic gradient similar to that established 
by a pipe or other conduit. If at some distant point the moving 
ground water passes under an impervious stratum, a pressure 
may be built up within the confined water resulting in artesian 
flows when the waterhearing stratum is tapped by wells. 

In addition to the slope of the hydraulic gradient, percolation, 
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or the rate of movement of ground water, is dependent on 
permeability of the soil or the rate at which water will 
through it. This, in turn, is influenced by the Porosity of the 
soil, 1. €., its property of containing interstices. The diamet 
arrangement and interconnection of these interstices have p. 
important bearing on the permeability of the soil. In ion 
ogeneous material the finest interstitial material which occurs in 
sufficient amounts to surround the grains of coarser material 
controls the rate of percolation.® b 
The specific rates of percolation for many materials hay 
been measured. Tolman’ presents the following average field 
velocities in feet per day in natural granular materials: 


Average field 

poy eae in feet 

ere per day when th 
Grain Size hydraulic gradient i: 
Type of Material in mm. 1% 100% 
Silt, fine sand, ioess........ 0.005— 0.25 0.065 65 
Sandstone, medium sand.... 0.25 — 050 1.16 116.0 
Coarse sand, sandy gravel.. 0.50 — 2.0 6.33 633.0 
eee a ay ees 2.0 —10.0 300 3,000.0 


Tolman also directs attention to the fact that normal ground 
water gradients seldom exceed one per cent. 

The rates of percolation given above are below the critic! 
velocities separating turbulent flow from laminar flow. We May 
predict from this that in ground water flow there is no fluctua. 
tion in the position of individual particles of water from the top 
to the bottom of the water-bearing stratum, but rather that each 
particle tends to move in relation to other particles according to 
their relative specific gravities and the hydrostatic pressure 
exerted on each. 

With these elementary concepts of sub-surface hydrology in 
mind, we are now in a position to investigate certain biological 
principles .relating to the metabolic activity of bacteria under 
unfavorable environmental conditions. 


History and Survival of Bacteria 


The primary danger involved in the drinking of water either 
from surface or sub-surface sources arises from the possibility 
of contracting a disease following the ingestion of certain patho- 
genic bacteria. These include members of the genera Salmonella 
(Salmonella paratyphi), Eberthella (Eberthella typhosa) and 
Shigella (Shigella dysenteriae), which bear a close relationship 
to the genus Escherichia, whose normal habitat is the intestines 
of mammals. These latter, Escherichia, constitute a portion of 
that group, which with members of the genus Aerobacter, was 
formerly referred to as the “B. coli” or “coli-aerogenes” group, 
and more recently the “coliform group.” : 

It obtains that if the normal habitat of these organisms is the 
intestines of mammals and one mode of transmission of the 
specific diseases is by drinking water, then conditions must bk 
such that the organisins enter the water, are carried to a point 
where the water is withdrawn for domestic consumption and 
survive in sufficient numbers to produce a clinically recognizable 
manifestation of the disease. The accepted procedure among 
sanitarians is to utilize coliform organisms which are normally 
present in all fecal discharges as indices of pollution rather than 
specific pathogenic bacteria which would be absent except in 
the case of illness amongst those contributing to the source of 
pollution. The expectancy is that if typhoid or dysentery 
patients or carriers contribute excreta to a focus of pollution, this 
spécific pathogenic organism will pass through the same channels 
as the coliform organisms discharged by well persons and thus 
affect the water supply. Fortunately, the culture of the coliform 
bacteria presents less technical difficulties than the culture of 
the related pathogens. If a slight error exists in this hypothesis, 
it is that the pathogens are usually somewhat less resistant m 
an unfavorable environment than the coliform organisms, 
hence the application of the hypothesis in practice generally re 
sults in increased safcty. 

Continuity of a favorable environment plays an important rok 
in the viability of all bacteria and in particular those which are 
non-sporing, as are all members of these groups. Thus, changes 
in temperatures, pH, moisture, food supply and other environ 
mental factors havé a marked effect upon the bacteria, and whe 
the changes are severe, induce rapid death. However, the time 
concentration curve follows a modified logarithmic curve so that 
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ite + H and an abundance of food and those outside of the 
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test nscarcity of food serves to rapidly diminish the number 
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- : Obviously, if the time interval between the source 
of ora se of the water is sufficiently long, th 
* pollution and the use O ne water is suiciently long, the 
at PO for survival of any individuals is almost negligible. 
dan re aside from other factors, a lengthening of the time in- 
They adversely affects the opportunities for survival of the 
dition to these environmental factors related to their own 

bolle the bacteria must overcome a number of natural 
— al obstacles. These obstacles include the natural retention 
eerie in the soil by filtration, resulting from absorption 
~! sedimentation ; clogging of the interstices between the grains 
a teration proceeds ; and the rise and fall of the ground water. 
7 may be said, further, that many of the conditions surround- 
» groundwater flow influence the travel of bacterial pollution 
- ‘direct relation to the effect which those conditions exert on 
the metabolism of the bacteria. The relatively slow movement 
t ground-water extends the position on the time-concentration 
pi to the right within relatively short distances from the 
fects of pollution ; the laminar nature of the flow tends to con- 
eentrate the bacteria near the capillary fringe into which they are 
githdrawn when the water-table is lowered; the impermeability 
of certain strata prevents the passage of bacteria altogether. It 
nav be reasoned that if feces are deposited on the surface of 
the ground or in the zone of aeration, the rate of downward 
movement toward the zone of saturation would be slight unless 
there were sufficient precipitation to cause a positive movement of 
water through this zone. The experimental data confirm this 
hypothesis and also the corollary that bacteria reaching the zone 
of saturation will not survive for indefinite periods of time and 
that the extent of the pollution will first proceed to a maximum 
and then recede as clogging fills more and more of the pore 
space ; 
"Experimentation has been directed toward measuring quanti- 
tatively the extent of sub-surface pollution, both bacterial and 
chemical, in direction, distance and intensity. Most work has 
heen limited to investigation of the travel of pollution in uncom- 
pacted strata near the surface where the flow is in capillary 
channels. It is from these strata that shallow wells derive their 
water. 

A significant contribution to the more recent attempts to 
evaluate the problem was made by Kliger.* The viability of 
organisms exposed to an unnatural environment was investigated 
and the results may be summarized as follows from the author’s 
conclusions : 

1. Both typhoid and dysentery bacilla succumb rapidly on an 
exposure to an unnatural environment. 

2. In solid feces, typhoid survives from ten to fifteen days. 
while dysentery is less resistant and paratyphoid more so. 

3. In moist natural soils the typhoid and dysentery bacilli may 
he recovered up to seventy days; in the same soil dry, not after 
two weeks, 

4, Moisture and reaction of the soil are the major factors in 
survival, while temperature has a lesser effect. 

5. Certain soil bacteria exhibit an antagonistic action on 
typhoid and dysentery bacilla due to the alkaline reaction re- 
sulting from their metabolism or as in the case of B. fluorescens 
(Pseudomonas fluorescens) and B. proteus (Proteus vulgaris) 
due to specific inhibitive substances elaborated. 

He also concluded that “. . . in moderately compact clay and 
sand, clay or sandy soil, free from cracks, the possibility of sub- 
soil pollution of the ground water is negligible, provided the 
ground water level is more than 10 feet below the polluted area.” 

In 1923 Stiles and Crohurst® reported the results of extensive 
experiments in which the pollution of ground water was corre- 
lated with the rise and fall of the ground water table, the flow 
of ground water and the rainfall. The significant facts devel- 
oped from these studies were confirmed by later studies by the 
same men in collaboration with Thomas® and the recent work of 
Caldwell,”* . 

Stiles and Crohurst® state that the results of 27 weeks’ experi- 
ment showed that: 

1. Pollution traveled only in the direction of flow of the 

ground water. 
2. Pollution from fecal B. coli (Escherichia coli) traveled 65 
'eet from the point at which the pollution was introduced, while 
chemical pollution (uranin) traveled 115 feet. The sand had 
an effective size of 0.13 mm. 

3. The pollution traveled in a thin sheet at the surface of 
the zone of saturation. There was no evidence that it dispersed 
radially downward. 
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4. As the ground water table fell, the pollution tended to 
remain in the new capillary fringe. 

5. There was no evidence to justify a conclusion that either 
bacteria or uranin was carried or moved an appreciable distance 
in the capillary fringe. 

6. A rise in the ground water table sufficient to re-establish the 
zone of saturation resulted in the bacteria being picked up and 
carried along. 

7. The ultimate distance to which the pollution will be carried 
is dependent on whether conditions resulting in the rise and fall 
of the ground water table, the rate of ground water flow and 
the viability of the organisms under conditions of moisture, pH, 
food supply, ete. 

After a period of 2 years, 8 months,*® the bacteria pollution 
(B. coli) had been recovered at a maximum distance of 232 feet 
and the chemical pollution (uranin) at 450 feet. 

The more recent observations of Caldwell"* should be men- 
tioned. It was found that the chemical pollution from a pit to 
which excreta was added daily described a path into the ground 
water, which was the “resultant of the interacting forces of 
lineal flow with the ground water toward the discharge stream 
and variations in densities of the effluent flow in comparison to 
the ground water.” Chemical pollution (by analysis) extended 
through 310 feet. The bacterial stream (B. coli) formed an inner 
core which advanced only slightly beyond 10 feet, after which 
regression took place. She concludes that the limitation of 
pollution was due “ ‘to defense,’ clogging of pore spaces of the 
soil with fine fecal particles and aggregates of colloids and of 
organisms, which, in addition to the accumulation of sludge, 
retards flow and hence increases the time for the death rate 
of fecal organisms to operate.” 

The experimentation of these workers has provided a quanti- 
tative measure of the extent of pollution under certain condi- 
tions. From this, some deductions can be made as to the 
effect of pollution under similar conditions. However, it would 
be erroneous to apply these measures to problems elsewhere 
unless there is a considerable similarity in controlling conditions 
such as porosity of the soil, elevation and fluctuations in the 
ground water table and hydraulic gradient. The field worker 
should be guided by consideration of the basic fundamentals, 
adjusted by experience gained locally, while retaining the re- 
sults of the experimentation cited as a general background. 


Summary 


1. The extent of travel of pollutants in ground water is limited 
in direction, distance and intensity. 
These limits are controlled by the environmental conditions 
affecting bacterial metabolism and the nature of ground water 
flow both in the zone of aeration and the zone of saturation. 


3. The viability of the organisms in an unnatural environment 
is important. The slope of the time-concentration curve is influ- 
enced by temperature, pH, moisture and food supply. The more 
unfavorable these conditions are, the greater will be the diminu- 
tion in the number of living organisms. 


_4. The time of ground water flow between the source of pollu- 
tion and the source of water supply is influenced by precipitation, 
porosity of the soil and rise and fall of the water table. 


5. The filtering capacity of the soil and the clogging of inter- 
stices between grains affect the travel of pollution. 


6. Careful experimentation has provided a quantitative meas- 
urement of the travel of pollution under certain conditions. 
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shows ample strength to resist pulling apart. 
service conditions, pipe will be furnished with special linings. All 
Super-deLavaud Pipe with bell and spigot joints are made to 
meet Federal Specification WW-P-421. 


San Francisee 
Boston 


Super-deLavaud Pipe with B&S Joints 


Super-deLavaud Pipe with bell and spigot joints is available 
in all sizes from 3” to 24” and in 12-foot and 18-foot lengths. The 
joint is particularly adaptable for lead, cement, joint compound 
or rubber ring assembly. The centering ring insures easy align- 
ment and uniform distribution of the jointing material. The 
process by which this pipe is produced assures concentricity, even- 
ness of metal and freedom from sand or slag inclusions. The 
bell and spigot joint, made with lead or other jointing materials, 


UNITED STATES PIPE AND FOUNDRY Co. 


General Offices: Burlington, New Jersey 
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SUPER-DE LAVAUD CENTRIFUGALLY CAST IRON PIPE 
PIT CAST IRON PIPE AND FITTINGS 
U. S. STANDARDIZED MECHANICAL JOINT PIPE 
THREADED PIPE IN IRON PIPE SIZES 
WEBRE INDUSTRIAL AND SUGAR APPARATUS 


FLANGED PIPE AND FI 
FLEXIBLE JOINT PIPE | NGS 
LARGE CASTINGS TO ORDER 
USICAST CAST IRON ROOF 
USICAST CHEMICAL CASTINGs 
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Threaded Cast Iron Pipe Centrifugally Cast 


Super-deLavaud Cast Iron Pipe is now being manufactured in 
‘iron pipe sizes” with threaded joints to meet the demand for a 
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booklet. 
TABLE I 
ij \ i 
SF 3 Zak & ' 
| b+ _— ) ——-C—NOMINAL LAYING LENGTH— 
| 
Nominal Laying Length 
| 
Class 2-F P 18-F L t 
Nor P tee a 12-Foot Length Foot Length 
: {mum age re . 7 os 
Diam Working | Thickness | Welght A. ‘ me Weight Bs, al 
eter Pressure of Pipe I ~' aie of Pipe Secabenaiion 
Inches Pounds ae Pounds Bell . 
3 iso)0C|)C(33” 140 11.8 210 11.7 
3 250 36 155 12.8 230 12.7 
4 150 34 195 16.4 285 15.9 
4 250 38 220 18.4 325 17.9 
A 159 37 315 26 3 460 25.5 
8 250 43 350 29 3 515 28.5 
S | Low 42 475 39.4 690 38.3 
4 200 46 510 42.4 745 41.3 
. | 250 50 545 45.5 800 44.3 
10 j 150 47 640 53.3 935 51.8 
10 | 200 52 700 58.3 1025 56.8 
1 250 57 760 63.3 1115 619 
12 150 50 810 67.4 | 1180 65.6 
12 200 57 905 75.4 } 1325 73 7 
12 250 62 990 82.5 1450 80 7 
| Nominal Laying Length 
Nom . 12-Foot Length 18-Foot Length 
nal imum Average " " 
Diam- | working | Thlekness| weignt Weight Weight Weight 
~ - a I Pressure of Pipe ad of Pipe pends 
tie >, ny 
Pounds Be Pounds | Bel 
14 | 100 48 920 76.5 1340 743 
14 | 150 55 1060 88.5 1555 86 3 
14 200 62 1190 9 0 1735 96 3 
14 250 69 1320 110.0 1930 107 3 
16 100 52 1130 94 2 1645 91 4 
16 150 60 1320 110 2 1935 107 4 
16 200 68 1490 124.1 2175 120 7 
16 250 75 1635 136.1 2390 132 7 
18 | 1p 56 1365 113 8 1990 110.6 
18 } 150 65 1595 132 8 2330 129 6 
18 | 00 74 1810 150.9 2645 146 9 
ik | 250 83 2015 168.0 2950 163 9 
20 | 100 58 1585 132 0 2305 128.0 
20 150 68 1860 155 0 2720 151 0 
20 200 78 2125 77 (1 3105 172 4 
50 250 &8 2365 197 1 3465 192 4 
24 100 64 2085 173 8 3035 168 6 
24 150 76 2480 206 8 3630 201 6 
24 200 && 2855 237.8 4170 231 6 
4 250 1 00 3200 | 266 8 4690 260 6 





better and more durable pipe. There are two distinct types of 
service for which Super-deLavaud Cast Iron Pipe may be used 
pressure service for water, gas, steam or similar liquids and 





gases; and drainage service. Pressure pipe is made to mee 
requirements of Federal Specifications WW-P-421 and js supplied 
in three classes: standard, extra-strong and double-extra-str. 
Drainage pipe, used for waste, vent and drain work, is a lighter 
pipe for use in buildings and elsewhere where a tight screw. 
coupled joint is needed. Drainage pipe is made to meet the 
requirements of Federal Specifications WW-P-356. 


THREADED CAST IRON PRESSURE PIPE 
(Made to meet the requirements of Federal Specifications WW-P.431) 






































Outside Threads 
—. Class Length, | Diameter, | Thickness, per Le A 
Feet Inches Inches Inch han 
Standard 12 3.50 36 8 1.08 
3 X-strong 12 3.50 45 3.45 
XX-stron 12 3.50 48 8 4.21 
Standar 18 4.50 38 8 5.34 
4 X-strong 18 4.50 48 8 8.91 
XX-stron 18 4.50 52 8 20.29 
Standar 18 5.56 40 8 0.22 
5 X-strong 18 5 56 49 8 4 40 
XX-stron 18 5.56 53 8 6 15 
Standar 18 6.63 43 8 6.13 
6 X-strong 18 6 63 51 8 0.59 
XX-strong 18 6 63 55 s 2.78 
Standard 18 8 63 .50 g 19.85 
8 X-strong 18 8.63 . 56 8 44.29 
XX-strong 18 8.63 .60 8 47.2 








THREADED CAST IRON DRAIN PIPE 
For Waste, Vent and Drainage Service 
(Made to meet the requirements of Federal Specifications WW-P-356) 











Size Nominal Threads bey 
Length per Foot 
inches Feet Pounds 
3 12 8 9.41 
4 18 s 13.75 
5 18 8 19.05 
6 18 8 26.22 
8 18 8 39.82 


























We are now prepared to furnish U. S. Standardized 


Mechanical Joint Pipe and Fittings in sizes from 3” to 17 
with parts that are interchangeable with those furnishei 
by other manufacturers of cast iron mechanical joint pipe 


Standardization will eventually be extended to sizes above 
12”. In the meantime, these larger sizes will be furnished 
with our regular U. S. Mechanical Joint as heretofore. 
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ENCHING 
paRT I-EARTH TR 
TRENCH is an ae og 
Avertical sides and considerab e dept in 
NGS mparison to its width. For purposes of 
ve article it will be considered as being 
ER than 6 ft. in width and not more than 
» ¢t, in depth, which permits excavation 
NGS , modern trenching machinery. ; 
“trenches are dug for all kinds of pipe 
types of . including water, sewer, gas, oil, 
be used: Binns, conduits, etc. The large amounts 
Wwids ang WS trench excavation made necessary by 
Meet the ff, installation of pipe lines for the various 
} Supplied ff ses has led to many improvements in this 
"a-§ ers : 
a ight oo of the early forms of trenching 
it screw. vagchinery such as the traveling derrick, 
Meet the ff, trestle cable excavator, the tower cable- 
y the trestle-track excavator, etc., have 
‘given way to the modern ladder type 
4 wheel type trenchers. _ : 
“Modern trenching machinery was first 
PA) wriected about 1910. It gives low cost 
== Ff avation plus fast rate of progress. It 
Weight ;a part of almost every pipe line con- 
Pou: WH eruction job. Except for very small jobs, 
they jand trenching labor is generally found 
13.45 wficient and uneconomical. If the ground 
he ; free of large, heavy obstructions, and 
oy + too hard, the modern trencher is very 
He ficient. 
28.13 type of Trencher Most Suitable 
2 " The type of trencher to use will depend 
4 yon local conditions. If the trench dimen- 
7.22 sons are small, and much maneuvering is 
aD quired because of restricted conditions, 
hen some of the smaller trenchers will 
rove best. 
Many consider the wheel type trencher 
saharder digger than the ladder type. In 
P56) ad and tough clays, for medium depths 
—— fad widths, this type is most efficient. 
Telght These designs are generally limited in 
Foot = maximum widths and depths of trenches 
: xcavated, the maximum being about 314 
3 t. width and 81% ft. depths. 
9.05 Where trenches of greater width and 
a epths are involved, the ladder type must 
—_— used. If stones, not too large, are en- 
untered occasionally, the ladder type is 
more efficient to loosen them, being partly 
iT to the vibration of the boom, whereas 
steadiness of the wheel type excavator 
uld not accomplish the same result. 
On most of the ladder type trenchers the 
oom may be telescoped so that the depth 
ithe trench may be increased or decreased 
vith little difficulty. 
In any case, if the digging is difficult, 
4) en the high-powered types must be used. 
Some trenchers are designed for use in 
ramped quarters, such as narrow alleys, 
arkways, close to curbs, buildings or other 
obstructions, etc. With some the boom may 
.., & © shifted to one side so that the trench 
dized may be cut close to side obstructions. 
» 12 § Maximum service is desired in a trench- 
ee They are subject to hard, grueling 
ished ervice, and their design should sacrifice 
pipe ~~ which would affect durability. 
Vith modern trenchers the spoil bank 
bove my be located on either side of the ma- 
thine, or loaded into trucks or on conveyor 
shed B*S desired. The spoil conveyor will place 














he spoil bank back from the trench suffi- 
“ent distance to give a good clean shoulder 





TRENCHING PRACTICE 


By RICHARD BENNETT, C.E. 
City Engineer, Phoenix, Aris. 


on which the workmen are not hindered in 
laying the pipe. When extensions are added 
to the spoil conveyor the desired height of 
the spoil bank may be secured to care for 
the earth from deep trenches. 


Trenching Methods 


If the trench is deeper than the trencher 
will excavate, there are two methods which 
can be used to gain extra depth without 
undue expense. (a) Excavate with scrapers 
sufficient depth from the surface and the 
full width of the trencher so that the 
trencher can excavate to desired grade line. 
Several feet of added trench depth can be 
secured in this manner. The spoil conveyor 
can be lengthened so that the earth may be 
removed either to spoil bank or to trucks 
as desired. (b) Under most conditions it 
is possible to remove about two feet of 
earth below the trencher cut, and throw 
the spoil back onto pipe already laid in 
place. Using two workmen, one with air 
spade and the other to shovel, this work 
can be done at a rather rapid rate of 





Using the combination of these 
two methods, several added feet of depth 
can be economicaily secured. 


progress. 


Estimating Practices in Trenching 


The trenching contractor is beset with 
many difficulties and uncertainties, there- 
fore estimates must allow for many un- 
predictable contingencies. It is impossible 
to know exactly just what will be encoun- 
tered until the trench has been excavated. 
The trenching estimator must judge many 
factors to the best of his ability. 

A visual survey of many jobs will en- 
able the estimator to determine, with rea- 
sonable accuracy, whether the job will 
present many interruptions; on the other 
hand, too much dependence must not be 
placed on such surveys in built-up areas. 
Questions concerning wells, excavations, 
etc., made previously in the area will reveal 
many facts. Many pipe line contractors 
have suffered great losses by not familiar- 
izing themselves with the underground con- 
ditions to be encountered. 

















Parson’s “Trenchliner”—250—With Offset Boom oe 
(The boom, now operating at center, may be shifted to any desired position across 


entire width of chute. 


Thus the trencher may operate on road shoulders, in narrow 


alleys, close to curb lines, buildings, trees, etc., without harm or difficulty. The spoil 


bank can be on either or both sides.) 
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Cleveland Trencher 
Cutting through a soft-rock formation in Texas called the Austin Chalk. Note the 
Trenchers of the ladder type are also good in shale, consolidated 
ay } 
gravel and all but hard solid rock.) 


made 


an cut 


Much experience is required to properly 
estimate different conditions and proper 
methods of pipe line work. Some estima- 
tors estimate the job as close as existing 
data will permit, then add a percentage for 
uncertainties—a method but little better 
than a shrewd guess. The estimator who 
an accurately determine costs on two or 
more methods for the same job, is worthy 
f his hire. 

In pipe line construction, the cost of 
trenching is usually the major item, de- 
pending upon digging conditions. The kind 
of earth involved makes much difference 
in the unit costs. These costs increase 
according to the types of earth, somewhat 
as follows: light earths and sand; loam 
ind light clays; dry, hard loams and tough 
clays; dense and tough adobes; coarse 
gravels, cemented gravels; hard caliche; 
and disintegrated granites. All these mate- 
rials produce different unit costs. 


Labor Costs 

Labor costs are not materially increased 
with the light earths, sand loams and clays, 
but such are increased with the 
tough, dense clays, adobes, varying with 
the amount of pipe bedding required. Mud, 
especially if it is sticky, will greatly in 
rease costs. Unforeseen conditions, such 
is solid rock, boulders, water, caving soil 


costs 
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and even quicksand conditions will greatly 
increase costs. 

The estimate must include: excavation, 
sheeting, backfilling, equipment rental ; 
moving to and from job; and if water is 
likely to be encountered, then an allowance 
must be included for water pumping and 
disposal. 

The labor expense will include foremen; 
machine runners, helpers or swampers; 
pipe layers; laborers; timbermen; back- 
fillers: as well as extra roustabouts. The 
cost of superintendence and supervision can 
generally be estimated as a percentage of 
the payroll 


Fixed Costs 

Fuel, supplies, and equipment repairs 
will generally be a large item with most 
jobs. To determine the fixed costs per 
day, the contractor must make assumptions 
which are later adjusted in the light of 
actual facts. Some depreciate trencher 
equipment at 60 months’ total life; how- 
ever, many individual pieces of equipment 
have lasted both much longer and even 
shorter time than this. Some authorities 
estimate yearly costs of this equipment 
somewhat as follows: depreciation, 20 per 
cent; repairs, 18 per cent; interest, insur- 
ance and taxes, 7 per cent; miscellaneous, 
4 per cent. Total fixed charges per year- 





approximately 50 per cent < se 
of trencher. The total fixed con ig 
divided by the units of work be year 
gives the actual job cost for Milian, 
particular machine. Sing tha 
About 4 per cent of the payroll shou! 
be charged for small tools. Miscella “ 
materials required for the work as ri 
progresses will generally average he r 
per cent of the payroll. Small jobs ook 
the management is excellent, wil] ; 4 
high unit costs. Progen 


Daily Cost Analysis Important 

_ The cost analysis of trenching for eye: 
job should show the width and de th. 
trench; type of soil; the total festans ‘ 
cavated; the number of cubic yards 
cavated; the total overhead and pant 
expense of the trencher; the daily ene 
of trenching; the footage expense a 
trenching; and the cubic yard expense oj 
trenching. 

The unit costs should separate excay; 
tion; pipe laying; back-filling: cleanine 
up, moving to and from job: and overhead 
The analysis should show minimum, ayer 
age, and maximum day’s work and reason 
together with average of all items for thy 
entire job. These data. kept up daily. yy 
show and determine all leaks and losses te 
the job. 


PART II—ROCK TRENCHING 


\What was said in Part I on trench ey. 


applied to trenching in rock. Rock trench 
ing is a time and labor consuming propos 
tion. The fact that it is not often encow. 
tered probably accounts for the great y 
riation of methods adopted on differen 
jobs. The technical literature contains 2. 
most nothing on this subject. Ask th 
manufacturer’s blasting experts and the 
merely say, “I will get you something o 
that.” (Period!) 


System Lacking in Rock Trenching 


Most rock trenching jobs have little o 
no system. Costs are high, progress i: 
slow, and those in charge make little o 
no endeavor to find the most economical 
method for that job. 

In rock trenching the quality and qua 
tity of the rock will generally determin 
the proper method of excavation. Fer 
economical work it is necessary to give 
much thought and attention to the jo 
methods. 

The types of rock encountered may vay 
from hardpan to dense, tough granite 
each will require a different method ¢ 
drilling and shooting. 

There does not seem to be any curret 
standard practice, in the spacing of dil 
holes. Each foreman seems to have he 
own pet ideas—very few of which woul, 
stand much investigation from an efficien: 
viewpoint. 

Proper spacing of drill holes will depen’ 
on the nature of the rock and local conti 
tions, but cut and try methods must kt 
utilized to ascertain the most econom@ 
method. 
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Drilling Requirements 
The number of feet of hole to be drill 
per cubic yard of rock to be excavated) 
vary greatly with different jobs, conditions 
and job methods. Spacing will depend up 
nature of the rock and width of trete 
Properly determining this factor requit 


much ability on the part of the job ma- 


ager. This determines ultimate untt casts 
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Caan to determine trial hole spacing : 
may 
. Number of rows 
“4 nch 
et) of holes 
" 2 
5 3 
y 4 
: 5 
ee erscess 6 


The outside row of holes should be in 
h the trench wall. It is seldom that 
oss-trench hole spacing greater than 3 it. 
» be successfully used. At times the 
~aoitudinal spacing can be increased to 4 
a even slightly more, especially in the 
wget and deep trenches. The greatest 
economy 1S secured in using maximum 
eth for holes. = ‘ 

" The necessity for protecting adjacent 
whether underground utilities 
influence drill 


ne wit 


structures, - 
- nearby buildings, will 
le spacing. ; ; , 
if power excavation equipment is to be 
sed, it is seldom possible to blast a single 
ine of holes down the center of the trench. 
With but one line of holes too much pro- 
ecting rock remains to be loosened by pry- 
¢ and barring by hand methods, thus 
reatly increasing costs. 

“Care must be taken to keep the drill 
oles clean until they are loaded. If the 
le contains debris or water, this is best 
moved with compressed air. Ice frozen 
les may be cleaned out with steam; this 
jso warms the hole sufficiently so that the 
splosive will not freeze. A wooden plug 


dould be driven into each hole as soon 


; the drilling is completed, to keep out 
xtraneous materials; this plug also aids 
o finding the hole later. 

















A Well Braced Trench 


Proper Quantity of Explosives 


Determining the proper amount of ex- 
plosive to use will require trial and error 
determination. Experience and good judg- 
ment helps very much. In any case care- 
fully kept notes and records are of im- 
mense value. 

In trench blasting only one narrow face 
is open, therefore more explosive is re- 
quired than for open surface blasting. The 
amount and strength of dynamite to prop- 
erly use will depend upon all the factors 
mentioned for spacing of drill holes. The 
amount of explosive required per cubic 
yard of rock removed will depend upon the 
nature and type of rock and the method 
adopted. The amount of explosive per hole 
may be limited by the necessity for con- 
trolling flying rock, excessive noise or 


R-29 


vibrations, and danger to nearby under- 
ground utilities or adjacent structures of 
any nature. 

Dynamite is generally used for trench 
blasting; the grade used depending upon 
the type and quality of rock encountered. 
The quantity required may range from 
about 3% lb. per cubic yard in soft sand- 
stone to 3 lbs. or more in the hard, dense 
rocks. 

Different rocks and formations do not 
blast alike to meet given conditions. The 
specifications for the work may limit the 
amount and kind of blasting that may be 
done on the job. Oftentimes blasting is 
restricted due to local conditions. 


Selection of Proper Explosives 


The type of explosive to use will de- 
pend upon the type and quality of the 
rock; local conditions; etc. The greatest 
waste in explosives is in using a grade 
or type not suited to the job at hand. A 
iow grade of explosive should be used 
for soft, weathered rock; to use high 
grade explosive here, is to waste much 
of the explosive energy. High power ex- 
plosives lack propelling power when used 
in blasting soft rocks. 

Too many use only one type and grade 
of explosive — generally 40 per cent 
strength. This is poor economy. Some 
arbitrarily use 60 per cent to secure suf- 
ficient shattering and also to loosen rock 
bound in place. If the rock is not shat- 
tered sufficiently, then a higher grade 
should be used. If the rock is shattered 
too much, then a lower grade should be 
adopted for the job. 

A high power explosive should be used 
for hard, firm rock. If the bottom of the 
hole does not shoot properly, then it may 
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(A rugged piece of equipment, useful 


Koehring’s Trench-Hoe 
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where the going is tough—boulders, hard shale, blasted rocks, etc.) 


























Buckeye Mode! 120 Trencher 





(Buckeye also makes a wheel-type trencher satisfactory for water-line trenching, requiring less depth and permissive of faster try 


be best to use a high grade explosive at 
this point. In such cases place the firing 
charge at the top of explosives so that 
the explosive gases will tend to concen- 
trate at the bottom of the hole, thus pro- 
ducing greater rupture at that point. 

Sufficient shattering must be secured to 
permit easy removal of the rock from the 
trench. It is not possible to use ladder 
type of trenchers for rock trenching, ex- 
cept in the very soft formations. A pull 
shovel or trench-hoe may often be used 
to good advantage in rock trenching. 


Rock Excavating Equipment 


In shallow trenches the rock may be 
removed by hand. For hand excavation 
the rock must be broken into small pieces 


LAND MEASURE 


A Quarter Section of 160 Acres Divided to 
Show Relationship of Rods, Chains and Feet 


A rod is 16% feet. 


A chain is 66 feet or 4 rods. 


A mile is 320 rods, 80 chains or 5,280 ft. 
A square rod is 272% square feet. 
An acre contains 43,560 square feet. 


An acre contains 160 square rods. 
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An acre is about 20834 feet square. 


where the going ts easy.) 
by either blasting or subsequent break- 
uge. 

For deep rock trenches the use of drag 
line or pull-shovel is most economical. 
These types of equipment are well suited 
tor this work. The rock must be thor- 
oughly broken up, and the wall sufficiently 
straight not to hang up the shovel. Rocks 
too large to be removed by the bucket 
should be hoisted from the trench with 
chains. 

Limestone is easily drilled. 
sionally found in horizontal layers, and 
may be blasted like building stone. In 
seamy formations, the holes must be close- 
iy spaced to retain the force of the ex- 
plosion. Seamy rocks permit the explosive 
gases to escape and the full effect is not 


It is occa- 


retained in shattering. Seamy rocks, lying 


‘at an angle cause the drills to stick a 
| Relatively smooth aj 
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bind in the hole. 
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“DALLAS 5, Tex., 3921 Purdue St. 


*L0$ ANGELES 12, Calif., 172 So. Central Ave. 





JOINTING 
COMPOUND 





FOR BELL & SPIGOT WATER MAIN 

fg: MINERALEAD is a radically different jointing compound with 
not matched in total in any other product for its purpose. 
[sulphur base includes, as a plasticising agent, a special olefine poly- 
“Je which contributes these advantageous properties: GREATER 
ION TO METALLIC AND CERAMIC SURFACES e 
RESISTANCE TO VIBRATION and to MECHANICAL 
K AND TEMPERATURE CHANGES e GREATER PLAS- 

TICITY and LOWER COEFFICIENT OF EXPANSION. 


thing Tegul-MINERALEAD you may expect: 


gap — Tegul-MINERALEAD melts, pours and sets quickly 
and uniformly (a factor in reducing labor costs). Joints 
show less than usual initial leakage and backfilling may 
start at once, thus hastening removal of traffic hazards 
which arise from open trenches. 


CONVENIENCE — Molded in 10 lb. ingots, Tegul-MINER- 
ALEAD is easier to handle, ship and store. The ingot is 
impervious to moisture so may be stored outdoors in any 
weather. Since there can be no change of composition in an 
ingot, Tegul-MINERALEAD reaches you as correctly 
mixed as when it left our factory. 


KONOMY — Tegul-MINERALEAD weighs only 1/5th as 
much as lead (and goes 3 times as far) saving in shipping 
costs. § ingots to carton makes a handy package. It needs 
no caulking or deep bell holes and requires no skilled labor. 
The sum.of Tegul-MINERALEAD’S advantages make it 


a money-saver, too. 


RESISTANCE TO SHOCK — Higher resistance to mechanical and 
thermal shock promises permanently tight joints. Lines laid 
with Tegul-MINERALEAD in every kind of terrain and 
meeting every kind of punishment, have served for years 
without need of attention. 


AVARABILITY — Tegul-MINERALEAD is stocked at con- 
veniently located points and is usually available on short 
notice. Using Tegul-MINERALEAD helps conserve lead, 
a strategic war metal. 





660 feet 


|“ 


BO rods 

















HOW Tegul-MINERALEAD IS USED 


MELTING — T'egul-MINERALEAD melts at 248°F., requiring only 
a slow fire, Care should be taken to avoid direct contact with flame 
and overheating, which tends to cause the compound to thicken. 


t results are had by using furnace designed by the manufac- 
turers of Tegul-MINERALEAD. 


YARNING — The pipe at Bell and Spigot must be clean and free from 
accumulations of oil, tar and grease. If jute is employed it should 
be the dry, braided type. 


POURING — See that joints are clean. Use mud on asbestos runner to 
prevent adhesion to the Te¢gul-MINERALEAD and to seal any leaks. 


our the melted compound slowly through a high pouring gate, using 
or pouring pot of sufficient capacity to fill the joint at one opera- 


ton. Add whole or half ingots to replace Tegul-MINERALEAD used. 
tis not necessary to wait for complete melting before pouring more 
joints. Cut off pouring gate when compound has solidified. Remove 
mManer and joint is complete. 


- '» PRODUCTS COMPANY 
Mineral OF PENNSYLVANIA 


MERTZTOWN ,PENNA. 


*ATLANTA 3, Ga., 161 Spring St., N.W. *DETROIT 2, Mich., 2970 W. Grand Blvd. NEW YORK 16, N. Y., 280 Madison Ave. 
*CHICAGO I, Ill., 333 No. Michigan Ave. *KANSAS CITY 2, Kan., 1913 Tauromee Ave. PITTSBURGH 10, Pa., 4656 Old Boston Rd. 


ST. LOUIS 8, Mo., 4485 Olive St. 


THE ATLAS MINERAL PRODUCTS COMPANY OF CALIFORNIA, Redwood City, California 
*pENVER 2, Colo., 1921 Blake St. SALT LAKE CITY 11, Utah, 1212 So. State St. SEATTLE 4, Wash., Rensselaer Valve Co., 
*HONOLULU 2, Hawaii, U. S. A. SAN FRANCISCO 7, Calif., Rensselaer Valve Co., 


1252 First Avenue, S. 


BIS Townsend St. *Stock carried at these points 


jy CANADA: Atlas Products are manufactured by H. L. BLACHFORD, Ltd., 977 Aqueduct St., Montreal 3; 86 Bloor St. W., Toronto 5 


MANUFACTURERS OF 


The HYDE-RO Ring 


AN IMPORTANT AID IN 
BELL & SPIGOT JOINTING 





SPEEDS STERILIZATION—First hypochlorite 
flushing invariably secures negative 


reaction. /” 
f 


Cross section 


PROMOTES ECONOMY — FACILITATES REPAIRS 


EASILY APPLIED 

ADVANTAGES IN DETAIL... 

(1) PREVENTS CONTAMINATION — Rubber cannot harbor bacteria 
nor support their growth internally where water main sterilizing 
agents cannot reach them. The use of HYDE-RO Rings will 
prevent continued recontamination that has been traced in many 
cases to the joint packing. 


(2) ECONOMICAL — The cost of HYDE-RO Rings is insignificant com- 
pared with the cost of repeated treatments with hypochlorite or 
the cost of sterilizing and keeping sterile (if it can be done), other 
types of packing. 


(3) CONVENIENT — The installing of HYDE-RO Rings is a simple, 
easily understood operation. There is no measuring to be done and 
no cutting. The wrong size cannot be used. Since rings are solid, 
there are no laps to be inspected to see that they do not occupy too 
much of the joint space. The same ring fits pipe with bead on 
spigot or straight end pipe. The narrow iron blade used in caulking 
the ring automatically slips into the groove in the back. 


(4) HOLDS BACK WATER — When HYDE-RO Rings are used, the 
pouring of wet joints is unnecessary. The rubber ring caulked 
tightly into place effectively dams off water from leaking valves 
and permits pouring of dry joints. This is especially important in 
repair work. 

(5) CONVENIENT TO STORE — HYDE-RO Rings are supplied in car- 
tons each containing fifty rings. The packages are light in weight 
and convenient to handle and store. Rings are manufactured for 
4”, 6”, 8”, 10” and 12” cast iron pipe. 


HOW RING IS USED 








(1) Stretch the ring over spigot 
end of pipe with narrow end 
toward bell. 


(2) Slide ring about 1% inches 
from end of pipe; then slide the 
pipe home. 


(3) Caulking the ring home, 
use narrow caulking tool about 


TI ¥%” or less in width. 
| 
Cross section showing the HYDE- 
RO Ring caulked into position on 
il! plain end (A) and beaded end (B) 
Ld 
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50 CHURCH STREET, NEW YORK 7, N. Y. 


SALES OFFICES 


78 Chester Road 
Belmont 78, Mass. 


102 LaSalle Bldg. 
Kansas City, Mo. 


Cities Supply Co. 
Sumter, S. C. 


P. O. Box 1704 
Orlando, Fla. 


EXPORT DEPT. |! Broadway, New York 4, N. Y. 


NORTHROP & COMPANY, INC. 


‘ WORKS: SPRING VALLEY, jy, y 





200 Tchoupitoulas St. 
New Orleans 12, La. 


315 Construction Bldg. 
Dallas |, Tex. 


947 S.E.M 
Portland wo 


3209 Berkeley 4 
Los Angeles 2 Gy 





Manufacturers of 


BOND-O ° 


A dependable Joint Compound 
for Cast Iron Water Mains 








IN POWDER FORM 


BOND-O in powder form is a self-caulking jointing compound 
so carefully blended by modern machines that nearly every joint 
made with BOND-O is tight when water pressure is first applied. 
Any slight seepage takes up under pressure in a very short time 
without further attention. 


BOND-O in powder form is made from carefully selected and 
proven ingredients properly compounded and thoroughly blended. 
It is in use on several hundred miles of pipe 4” to 60” in diameter 
and many users claim it is the most satisfactory jointing material 
they have ever used. 


BOND-O in powder form is shipped in a new style guaranteed 
water-proof bag. 





IN INGOT FORM 


BOND.-O in ingot form is the same carefully machine-blended 
BOND-O we make as a powder. It is made in 10 pound ingots and 
shipped in 50 pound cartons (5 ingots to a package). Many users 


W. & S. W.— REFERENCE & DATA — 1946 


prefer BOND-O in ingot form because of its ease in handli 

storing and cleanliness in using. BOND-O in ingot form is ie 
pervious to moisture. Compare BOND-O in ingot form with gy 
compound—first in texture, then by actual test—and Note the 
difference. 


HYDRANT FLOW GAUGES 
; with Hand and Hand 
& Clamp Pitots : 








WITH HAND PITOT 


NORTHROP Hydrant Flow Gauges meet the need for practical, 
accurate and simple gauges for conducting Flow Tests from 
hydrant openings. 


The Hand Pitot, as pictured above, is perfectly designed and 
is equipped with both large air chamber and throttling cock. The 
Pitot is made with a shoulder to set against the hydrant outle 
to steady the instrument and to center the pitot in the stream. 


The gauge, manufactured to specifications furnished by th 
National Board of Fire Underwriters, has two scales, one reading 
in pounds pressure per square inch, the other in the approximate 
equivalent in gallons per minute computed for a 244” open hydrant 
butt. 


Other sets include a combination Hand and Clamp Pitot. This 
instrument can be used as a Hand Pitot or clamped on the hydrant 
without damage to the threads. 


Another set includes both the Hand Pitot, the Hand and Clamp 
Pitot, three gauges and a Hydrant Cap Adapter. 





OTHER WATER WORKS SPECIALTIES 


In addition to manufacturing BOND-O and Hydrant Flo 
Gauges, Northrop & Company distributes many quality water wom 
specialties. Among these are Marlow Pumps—Test Pumps—At 
Valves—Pipe Cutters—Pipe Pushers—Repair Coupling 
rator Sets—Pipe Thawers—Valve Box Locators—Pipe Finder 
Leak Locators—Gauges—Gauge Testers—Test Plugs—Air 
pressors—Meter Testers—The Meter Master—Meter 
Lanterns and Torches. 
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URING the continuing but relaxing restrictions on steel, 

wrought iron, copper-bearing metals and rubber, the water 
gystem operator must still utilize other materials, possibly for the 
juration. This survey has been made to inventory other available 
‘se stocks and to present their advantages and shortcomings. 
While the kinds of pipe listed below generally require priority 
atings, their adoption in lieu of controlled materials permits 
wvailability on desirable and approved projects. 


Palliatives 

Before planning additional pipe installations for increased 
capacity, consideration should first be given to the effect of cor- 
rective measures 1n the present system ; these restorative oper- 
ations include (a) pipe cleaning, (b) anti-corrosion treatment 
of the water, and (c) pipe lining in place. 

Pipe cleaning usually restores from 85 to 90 per cent of the 
original carrying capacity but accelerates subsequent tubercula- 
tion unless the water is corrected by anti-corrosion treatment 
or the pipe interior is covered with a protective lining. A cable 
drawn scraper is used in pipe sizes down to 2-inch diameter; 
for 8-inch sizes and larger a pressure driven go-devil may be 
inserted. 

, Anti-corrosion water treatments are of several types. The 
calcium carbonate saturation method is the most widely adopted 
practice; the desired condition borders on calcium carbonate 
equilibrium which may be attained, according to the specific case, 
by (a) aeration for carbon dioxide removal, (b) addition of the 
alkalies lime or sodium carbonate to increase the pH value, 
calcium or carbonate concentration, (c) injection of caustic soda 
when simple pH increase suffices, (d) passage through limestone 
beds to increase the calcium concentration, alkalinity and pH, 
and (e) any proper combination of these methods. A calcium 
carbonate deposit on rough lines or from highly supersaturated 
solution may be attenuated and distributed over a wider area 
by impeding crystallization through the use of sodium hexameta- 
phosphate. This material is also widely successful in inhibiting 
corrosion. A special slowly dissolving form, sold as “Micromet,” 
is adapted to anti-scaling and anti-corrosion protection of domes- 
tic hot water lines. Other effective inhibitors are sodium silicate 
and proprietary organic products, mainly plant extracts. Cor- 
rosion of bacterial or plankton origin may be controlled by sup- 
plying dissolved oxygen or by some variety of chlorination, 
usually chloramination or break-point dosage. 

Pipe lining in place is limited at present to cement mortars; 
these reduce the bore slightly but smooth the walls. The overall 
effect is a gain in stability and hence in long term delivery. In 
the Tate process a centering mandrel is pulled through the 
cement mortar thereby squeezing a thin coating on the walls; 
this method is adapted for use in small and medium sized mains. 
In 30-inch and larger lines the “Centriline” method is employed, 
in which a centrifugal machine slings the mortar forcibly against 
the pipe walls where it is mechanically troweled to a smooth 

dense lining. 


Extensions 


When additional piping is required for extensions of service, 
this need obviously can be satisfied only by new construction, 
and in such instances recourse to alternate and substitute mate- 
rials is in order. As amended January 22, 1944, the U-i order 
permits: (a) new construction not exceeding $1,500, (b) domes- 
tic extensions which do not require more than 400 pounds steel, 
1.800 pounds cast-iron, or 1,000 pounds of lead products, or com- 
binations of these materials as stipulated, (c) use of any mate- 
rials for mains 4 inches and smaller, (d) use of cast-iron and 
the non-metallics for mains larger than 4 inches but with steel 
allowed where special conditions warrant, and (e) an_unre- 
stricted procurement for inventories totaling less than $10,000 
instead of the previous 60 per cent limit. Non-metallic pipe is 
restricted to a length not exceéding that if cast-iron were being 
used. Certain essential extensions for the military or industry 
may be built valued to $5,000. 

Copper tubing, frozen in inventory, has been released by Sup- 
plementary Order U-9-c-4, amended January 24, 1944, but only 
for underground service outside buildings. The WPB Utilities 
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*Director, School on Water Supply and Sewerage. 

tThis article was prepared during the war, when restrictions on 
all materials, including pipe, made consideration of substitutes a 
hecessity. Many of these so-called substitutes have their place 
Nn normal times, and therefore this comprehensive survey is 
applicable for the future. 


PIPE MATERIALSt 


By A. A. HIRSCH* 
State Debt. of Education, Baton Rouge, La 








Order U-1, issued February 24, 1943, assigns an AA-1 rating 
to water systems for maintenance, repair, operating supplies and 
replacement materials following a breakdown. 

Alternate and substitute pipe line materials may be grouped 
for purpose of discussion into the following classes: (1) cement 
products, (2) metals, (3) plastics, (4) limited use materials, 
and (5) impractical specialties. 

Cast-iron pipe, on which restrictions are the mildest, is so 
familiar that discussion is supererogatory. Screw joint service 
pipe of cast -iron is produced in sizes from 1% to 2 inches, and 
is procurable with cement linings. 


1. CEMENT PRODUCTS 


1.1 Concrete Pressure Pipe 

Tentative emergency specifications for reinforced concrete 
pressure pipe have recently been prepared by the American 
Water Works Association." Three types of pipe are covered as 
listed below to show the range of sizes and working heads: 


Max. 
operating 
Class Designation Sizes,in. Head,-feet 
A Steel cyiinder reinforced ........... 20-150 
B- Poured non-cylinder reinforced..... 20-150 100 
C Centrifugal reinforced .............. 6-84 150 


This material is being increasingly selected for raw water 
transmission lines, especially through swampy terrain. A 33- 
mile length of 39-inch bore Class A pipe has recently been de- 
scribed. Long feeder mains, having a minimum of fittings, is 
their principal application to distribution systems, particularly 
if the water is corrosive. In Chicago two miles of 36-inch pipe, 
Class C, were laid to supply a new war plant.’ This installation 
was with Lewistown Prestressed pipe in which the inner layer 
was spun in a centrifugal form strung through longitudinally 
with strained rods and then steam cured before wrapping with 
stretched steel wire to produce a compression in the pipe wall. 
A l-inch concrete layer poured around the wire protected it 
against soil corrosion. No difficulty is experienced with concrete 
pipe in satisfying the leakage limitation of 250 gallons per inch 
diameter per mile per day. Shallow well casings, perforated 
screens, culverts and sewers are other uses. 

Joints are of three types: collar, lock joint with reinforcing 
tied together and plastered, and bell and spigot. 


Sources 


American Pipe & Construction Co., P. O. Box 3428, Terminal 
Annex, Los Angeles, Calif. 

Concrete Conduit Co., 899 La Cadena Ave., Colton, Calif. 

Gifford-Hill Pipe Co., 412 Texas Bank Bldg., Dallas, Tex. 

Hume Pipe of New England, Inc., Swampscott, Mass. 

Lewistown Pipe Co., Hillside, Tl. 

Lock Joint Pipe Co., Ampere, N. J. 

Price Brothers Co., P. O. Box 825, Dayton, Ohio. 

Spokane Concrete Pipe Co., P. O. Box 1033, Spokane, Wash. 

United Concrete Pipe Corp., 1347 W. 208th St., Los Angeles, Cal. 

Utah Concrete Pipe Co., 1212 S. State St., Salt Lake City, Utah. 


Concrete Well Screen 
Kelly Well Co., Inc., Grand Island, Nebr. 


1.2 Asbestos-Cement Pipe (A/C Pipe) 


Asbestos-cement pipe is made from a mortar containing equal 
volumes of asbestos fiber and Portland cement; this mixture on 
a weight basis is 15 per cent asbestos and 85 per cent cement. 
Already familiar in the water works field, this material ranks 
competitively against iron and steel lines and hence is more than 
merely a substitute. Experimental manufacture started in 1913. 
Its first application was as a sea water conduit in Italy to furnish 
fire protection and a water supply for flushing streets. Some 
40,500 miles of A/C pipe had been installed throughout the world 
prior to the outbreak of World War II. 

Federal specifications SS-P-351 cover quality of cement- 
asbestos piping for government use. The National Board of Fire 
Underwriters has examined and reported favorably on these 
products, from outstanding American manufacturers, for use in 
distribution systems. 

Advantages of A/C pipe are its light weight, resistance to 
corrosion by sodium chloride, hydrogen sulfide, carbon dioxide 
and dissolved oxygen in water, inertness to soil reaction and 
electrolysis, permanent wall thickness not reducible by corrosion, 
salvage value for relaying, ease of cutting with a handsaw, it 
may be tapped the same as cast-iron (a separate tap is advised 
to be used on this material only), installed cost is claimed to be 
20 to 30 per cent lower than with ferrous piping although the 
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price f.o.b. is competitive, and its Williams-Hazen flow co- 
efficient may be conservatively taken as 140. 

The characteristic disadvantage of A/C pipe is its low struc- 
tural strength, approximately one-quarter that of an iron line. 
This is reflected in the strength of threads for corporation cocks 
and in its susceptibility to direct loading. A minimum cover of 
2 feet is recommended. 

Domestically manufactured products described below are: 
Transite, Century, Eternit and Roxite. Foreign products are 
trade named: Duralita, Everite, Durabest and Italite. 


1.2.1 Transite A/C Pipe 

Transite pipe is formed under pressure, as a homogenous mass, 
over a full length rotating steel mandrel and is then steam cured 
to accelerate hardening. Before shipment each length is tested 
at four times the expected working pressure. 

Seventeen sizes are available from 3 to 36 inches diameter. A 
2-inch size is used as a taper fitted electrical conduit. Pressure 
classes are 50, 100, 150 and 200 p.s.i. Standard length is 13 feet. 
Above the 8-inch size an adapter is needed when jointing into a 
cast-iron bell. 

The joint, a Simplex sleeve, is jacked into position over two 
rubber sealing rings. As this joint lacks pull-out strength, but- 
tressing is required at sharp bends. The flexibility of the rubber 
rings permits a 12° deflection without leakage; this property 
has been found valuable in accommodating soil subsidence and 
earth movement near bomb craters. Gum rubber rings are 
reported to retain a high degree of elasticity after many years 
in service, the oldest record being 66 years.* An interesting ad- 
vantage gained by resilient seals is the reduction of water ham- 
mer pressures to about 72 per cent of that developed in a similar 
cast-iron line.® 


Source 
Johns-Manville Co., 22 E, 40th St., New York, N. Y. 


1.2.2 Century A/C Pipe 

This pipe is formed in six overlapping plies spirally wound 
over a mandrel under pressure. Available sizes range from 2 
to 12 inches, in lengths of 10 and 13 feet. Standard pressure 
classes are 100 and 150 p.s.i., but 200 p.s.i. piping may be pro- 
duced as a special. The joint, a malleable iron Dresser com- 
pression coupling, which permits 4 to 6 degrees deflection in the 
line, has the advantage of being connected simply with a wrench. 


Source 
Keasbey & Mattison Co., Ambler, Pa. 


1.2.3 Eternit A/C Pipe 

This pipe, introduced just recently, is formed by the extrusion 
process, which method is claimed to allow superior control on 
density and accuracy. Diameters up to 6 inches are available in 
13-foot standard lengths. 


Source 
The Ruberoid Co., 500 Fifth Ave., New York, N. Y. 


1.2.4 Roxite A/C Pipe 

Roxite is manufactured by high pressure extrusion and de- 
airing to produce a dense, strong wall. For severely corrosive 
duty a resin coating or impregnation provides protection. Sizes 
range from 3% to 8 inches ordinarily, but larger pipe up to 12 
inches are furnished on special order; lengths are supplied up 


to 14 feet. Thicknesses are designed to withstand 150 p.s.i. 
working pressure. Couplings are patented “Flexlock” rubber 
sleeves. 
Source 


The United States Stoneware Co., Akron, Ohlo. 


2. METAL 


New metal products to replace the familiar galvanized iron, 
copper, brass and lead piping and tubing are available only in 
small diameters. As previously noted, copper may be used only 
from stocks on hand or procurable from other water utilities. 
No priorities are involved in obtaining lead or lead alloy service 
pipe. Wiping solder and brass nipples are permitted by govern- 
ment orders to complete the installation. 


2.1 Asarco “Tube-Loy” 

This metallic pipe is extruded from essentially pure lead 
alloyed with 0.015 per cent magnesium, 0.02 per cent calcium and 
0.23 per cent tin to increase its hardness, shock resistance, 
strength, stiffness, ductility and improve its joining properties 
but reduce its creep rate. This alloy hardens with age and is 
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corrosion resistant except with the more aggressive Waters ; 
Its weight is lighs 


—_ a 4 yd ay rr, —y ensué. 
and cost is less than for ead pipe. A salva 
realized by remelting old tube-loy pipe to obtain pot be 
Type A resembles the conventional AA lead Services y: 
added strength. Sizes range from 3% to 2 inch. Joint wa 
wiped or punted, ‘ tS are 
ype K, suit or pressures up to 125 p.s.i., is thi 
uncoils easily. Sizes are 4, %, $4, % and 1 inch, aan = 
45, 60 and 100 foot lengths. Joints may be wiped or s we 
as above. Grinnell galvanized malleable iron “Superseal” fae 
fittings with a long 10° taper permit strong connections re 
domestic piping. A 45° flare in superseal connectors js also er 


Source 
American Smelting & Refining Co., 120 Broadway, New York. 


2.2 Bundyflex Copper Coated Steel 


The copper coating both inside and outside of this stee| tub- 
ing is fused on at high temperature into the pores of the base 
metal, and is claimed to form a copper-steel alloy. This Product 
is soft, ductile, flexible, can be flared, soldered, brazed or welded 
It can be used with any of the fittings ordinarily used yis, 
copper tubing, either sweat or compression type. This ty} 
is twice as strong as copper and has much higher resistance tp 
vibration fatigue. Ultimate bursting strength varies from 5) 
to 25,000 p.s.i., depending on the wall thickness and diameter oj 
the tubing. It is widely used by manufacturers of automobil. 
hot water heaters. Sizes range from % to ¥% inch od. in % 
foot coils, and from 7/16 to % inch in 12-foot lengths. 


Source 
Everhot Products Co., 2055 W. Carroll Ave., Chicago, Ill, 


3. PLASTIC PIPE AND TUBING 


Plastics, in general, are synthetic resins of high moleculx 
weight polymerized from simple compouncs by means of hex 
pressure and catalysis. Based on composition, plastics have been 
grouped by the Plastics Catalog* into sixteen basic varieties, each 
with characteristic properties which adapt them to special a- 
plications. About 250 trade names of plastic compositions are 
now produced. For fabrication into pipe and tubing, materials are 
desirable which can be formed by dry extrusion, as this is the 
most efficient method of manufacture and produces tubing o 
unlimited length. Only a few specialties in the way of tubing 
are now produced by lamination. The strategic demand for 
certain of these resins places further limitations on the avail- 
ability of pipe stock. 

Present plastic compositions invading the pipe and tubix 
market belong to the polyvinylidine chloride and cellulose acetat 
butyrate types. These elastomers are replacing metal and rubler 
conduits for defense structures, battleships, army caps, stirry 
pumps and similar applications. Also a variety of specialty tubs 
is being produced from other types of resins for specific ap 
plications, mainly in connection with the war effort. According 
to the concensus of present opinion no serious displacement oi 
the metals from water pipeline service is foreseen. However 
these prophesiers fail to appreciate obvious advantages peculiar 
to some plastics. A plastic pipe will usually eliminate need for 
protection against freezing; neither will it corrode. In domeste 
hot water lines the temperature drop between heater and fixtur 
will be minimized; acid may be used with impunity for sca 
removal. Light weight and visibility, with some types, are othe 
desirable features. In Germany, Mipolam, and in the U.SSR 
Textolite are plastics substituting for metals in water suppl) 
systems.” Only the three materials described below are of it 
mediate interest, but when peace returns, other plastic compos: 
tone will undoubtedly become available for water supply st 
cialties. 


3.1 Saran 

Saran, a flexible, yellowish, translucent polyvinylidine chlorit 
product, which is replacing copper tubing in approved housing 
projects at a comparable cost, so far has been the principal and 
most promising plastic offered for water services. Its t 
strength ranges from 4,000 to 8,000 p.s.i. Hot water temper 
tures to 170° F. are withstood continuously; up to 212° F,, i 
termittently. Saran does not support combustion; it is rated # 
self-extinguishing, however, since it melts near 310° F., fire of 
high temperature is destructive. Sunlight darkens its color, 
pipe intended for exposure is black. ~* 

In a study of its properties for the National Association ¢ 
Master Plumbers, Dawson and Kalinske® reported that Sarat 
piping is hydraulically smooth, and water hammer pressures, by 
virtue of its elasticity, were only % to % as great as in 1 
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As its heat conductivity is only 1/4,500 that of copper, 
Fost protection in services and inappreciable temperature loss in 
“9 out lines is afforded. Deposits do not tend to adhere. 
White rats were observed to attack this material if starved or 
thirsty. Saran pipe expands 0.83 feet per 100-foot length per 
100° F. temperature change, therefore distortion must be con- 
trolled. Low temperatures cause an embrittling effect. 

At a magnesium plant, the electrical insulating properties of 
Saran enabled replacement of less durable rubber pipe for water 
igckets in rectifiers without grounding across 600 volts. 

“Black Saran pipe is available in 42, 4, 1, 1%, 1%, 2, 2%, 3, 
34 and 4-inch sizes. Its weight is one-quarter that of corre- 
sonding iron pipe. Bursting pressure varied with size from 
ro to 1,500 p.s.i. at room temperature. A representative line ot 
molded Saran screwed fittings is made. Joints may also be made 
by autogeneous welding after first melting the abutting ends on 
a hot plate at 400° F., or by a portable girth type electric heater. 

Flexible tubing, of high fatigue strength, is furnished in 
various wall thicknesses from 4% to 34 inch outside diameter. 
Bursting pressure, dependent on size, varies from 580 to 1,200 
si, at ordinary temperatures. Couplings are the flared com- 
pression type, molded from Saran resin. 


Source 
The Dow Chemical Co., Midland, Mich. 

Licensees 

Extruded Plastics, Inc., New Canaan Ave., Norwalk, Conn. 
Haveg Corp., Newark, Del. — 

Hodgman Rubber Co., Framington, Mass. 

Godall Rubber Co., Inc., 5 S. 36th St., Philadelphia, Pa. 

Elmer E. Mills Corp., 153 W. Huron St., Chicago, Ill. | 
Western Felt Works, Acadia Synthetic Products Division, 4035 
Ogden Ave., Chicago, Ill. 

Distributors 

American Radiator & Standard Sanitary Corp. 


Crane Co. 
Metal Goods Corp. 


3,2 Tenite 

Tenite II is a cellulose acetate butyrate plastic made accord- 
ing to the manufacturer’s formula 201 in transparent varieties 
and formula 205, containing an ultraviolet inhibitor, in the opaque, 
gray type. At low cutting speed it machines like metal. By 
immersing in hot water it may be shaped to curves. A test 
piece holding 80 p.s.i. water pressure for over two years held 
its dimension within 2 per cent. Rodents and insects are not 
attracted, according to claim. It is a definite fire hazard, being 
rated similar to bulk newsprint. Hot water temperature is 
limited to 140° F. 

Sizes range from 3/16 to 2% inches in 29 items. Heavy wall 
tubing is cut in 8 to 12-foot lengths; 20-foot lengths are specials. 
Joints are made either with flared end compression fittings or by 
heat expanding one end to receive the mate in telescope fashion, 
then sealing with a suitable solvent in Duco cement. 

Source 

Tennessee Eastman Corp., Kingsport, Tenn. 

Licensee 


Extruded Plastics, Inc., New Canaan Ave., Norwalk, Conn., 
(Lists as Tulox TT seamless tubing.) 


' 3.3 Plastitube and Plastiflex 


These are rigid and flexible tubing, respectively, extruded from 
cellulose acetate butyrate in standard 12-foot length and 60-foot 
coils. Sizes range from % to 2 inches outside diameter. 

Source 
R. D. Werner Co., Inc., 380 Second Ave., New York, N. Y. 


4. LIMITED USE OF PIPE 


4.1 Orangeburg Fiber 

This light weight pipe is composed of 25 per cent cellulose 
filers and 75 per cent coal tar pitch. The fibers are first felted 
and dried, then impregnated under vacuum to assure complete 
penetration. Advantages of fiber pipe are its economy, tough- 
ness, ease of cutting, light weight (16 per cent that of steel), 
protection against freezing, high flow factor and absence of 
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corrosion. In shrinking soils it,deflects with settlement but does 
not crack. Its principal disadvantage is that use must be con- 
fined to low head or non-pressure applications, such as for vents, 
downspouts, drains, chemical feed conduits and tile sewage dis- 
posal fields. When used for sewers its tight tar joints are 
claimed to prevent entrance of roots. Its inertness permits use 
in oil fields brine disposal systems. When laid underground it 
must be well covered and tamped; if suspended, rigid supports 
are needed to prevent sagging. Even were this piping suitable to 
tarry drinking water the coal tar impregnate would likely cause 
chlorphenol tastes with free chlorine. Its short length is some- 
thing of a drawback. 
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Sizes are 3, 4 and 5-inch diameters in 8-foot lengths and 6 
and 8-inch diameters in 5-foot lengths. Fiber fittings include 
bends, ells and adapters for connecting either to threaded or to 
bell and spigot pipe. 

Joints are made by driving a 2° tapered sleeve over a corre- 
sponding taper on the pipe ends. A field tooling lathe is sup- 
plied to dress a taper on job cut lengths. Cementing compound 
is unnecessary as the friction is claimed to develop sufficient 
heat during driving home to soften the pitch and thereby seal 
the joint. A pull of 1,500 pounds is required to separate the 
joint in a 4-inch pipe. 

Source 
The Fibre Conduit Co., Orangeburg, N. J. 


Distributor 
Crane Co. 


4.2 Wood Pipe 


Pine, fir, redwood, red cedar and cypress are the species 
selected for making wood pipe. The bored type is available up 
to 4-inch diameter in 12-foot lengths. Large quantities are being 
shipped overseas for army use. The banded type is assembled 
from tongue and groove staves, machine strapped at the factory 
with galvanized bands, covered with pitch and rolled in wood 
shavings. Large sizes are assembled in the field as a continuous 
cylinder, bound together with rods and lugs. Such pipe is widely 
used for penstocks under heads as high as 150 feet. This pipe 
is suitable for raw water transmission from a distant source to 
the treatment plant. The preferred method for installation is 
either deep burial or support on racks with allowance for 
ventilation underneath. Surface installation allows premature 
decay at the ground line. Termites do not invade the wood if 
saturated with water. Lines for intermittent use are pressure 
creosoted. 

Advantages of wood pipe are cheapness, light weight, fairly 
long life—from 20 to 50 years, depending on circumstances—high 
stable carrying capacity, frost resistance, absence of expansion 
joints and freedom from soil corrosion and electrolysis effects, 
except at the metallic binders. Its disadvantages are danger of 
collapse from weight of backfill, particularly if empty or under 
vacuum, ground line decay where resting on the soil and possible 
failure from corrosion of the retaining bands. High leakage 
losses are experienced, especially under varying pressures. Since 
water distribution systems are subject to continual water ham- 
mer, wood pipe is definitely unsuited for this application. Leach- 
ing of color and resins decreases with age. 

Machine banded pipe for working heads up to 250 feet is 
available in sizes from 6 to 48 inches and in lengths from 12 to 
20 feet. A lap joint or collar, wood or metal, is used for con- 
nections. Continuous stave pipe is obtainable in diameters from 
12 to 192 inches. Joints in the staves are staggered within a 
short segment so that additional tension rods placed there can 
provide rigidity. A tapered steel tongue is driven into the butt 
ends of the staves to secure positive connection. 


Sources 
W. E. Caldwell Co., 2236 Brook St., Louisville, Ky. 
Federal Pipe & Tank Co., 6851 E. Marginal Way, Seattle, Wash. 
Michigan Pipe Co., 504 Phoenix Building, Bay City, Mich. 
National Tank & Pipe Co., 2301 N. Columbia Rd., Portland, Ore. 
Redwood Manufacturers Co., Hobart Bldg., San Francisco, Cal. 
A. Wyckoff & Sons Co., 1 Home St., Elmira, N. Y. 


5. JUTE SUBSTITUTE 


Fibrex, a sanitary paper packing with twisted pulp core and 
braided jacket, treated to retain sterility, may be packed into a 
joint the same as jute. 


Source 
Hydraulic Development Ce., 50 Church St., New York, N. Y. 
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WATER/AND SEWAGE WORKS 





Differential Producers ® Flo-Watch 

Type M Register-Indicator-Recorder 
Filter Controllers Model RCE, Model RCA & RCB 

Filter Gauges, Rate of Flow — Loss of Head — 

Liquid Level — Sand Expansion ® Large Dial Gauges 

Ratio Indicating Gauges ® Flo-Gage 

Chronoflo Conveyor Scales © Manometers 

Meters for Open Flow ® Chronoflo Telemeters 


Propeloflo Meters ® Auxiliary Equipment 











VENTURI METER 
















letin 354. 


Fig. 1. Herschel 
Standard Venturi 
Tube and Type M 


tor-Recorder 


particular line being metered. Bulletin 324A. 


PROPELOFLO METER 





Fig. 2. Propelofio Meter flange 
mounted. Available also in bell and 
spigot model. 


Chis improved, propeller-type flow meter for main water line 
metering introduces many new features including streamline Ven- 
turi design. A self-contained unit easily installed; registers total 
flow directly in gallons. Accurate throughout wide range; low 


loss of head; low first cost and upkeep. Bulletin 350A. 


W. & S. W. — REFERENCE & DATA — 1946 


The Venturi Meter is recognized as the stand- 
ard for measuring the flow of water, sewage 
and air in main pipe lines. It consists of a 
Venturi Tube installed in the pipe line and a 
Type M Register, Indicator, Recorder or other 
instruments connected to the Tube” by small 
pressure pipes. The design of the Herschel 
Standard Venturi Tube produces a maximum 
recovery of pressure, thus having the economic 
advantage of lowering pumping costs. Bul- 






Type M Instruments have unusual sturdiness, 
and are very popular in the waterworks and 
sewerage fields for their accuracy and reli- 
ability. Important features are a 10” indicator 
at eye level with uniformly spaced scale; im- 
proved integrator; 12” uniformly spaced 
Register - Indica- charts; white pyralin dials and interior il- 
lumination. This instrument furnishes three 
kinds of information: continuous indication of the flow; a perma- 
ment record on the 12” chart; and the total quantity on a 334” 
counter dial. All dials graduated in direct reading units for the 


FLO-WATCH 


\ small, medium-priced mechanical instrument universally appli 
able for use with Venturi Tubes, Nozzles, Orifice Plates and Wein 
available in a variety of mountings and dial combinations Bul 


letin 318B. 
MANOMETERS 


Model MAB, especially suited for test and experimental work; 
a simple, accurate flow rate indicator with scale graduated 
rectly in flow units. Has rugged floor stand, protected, easy. 
read glass tube and heavy well with built-in by-pass vad 
Double Tube Manometer and a variety of two-stage inclined 
manometers also available. Bulletins 343A and 222A. 


FILTER CONTROLLERS 


Several models are offered, each & 
— —=—meee signed for particular conditions, » 
automatically maintain  constay 


flow rate through the filter bed 
Model RCE features smooth, yp. 
wavering control; low loss of head: 
sturdy, balanced valve; compac; 
flexible design; powerful “floating 
piston” and exclusive molded tap 
irect Acting ered piston seal. All rotating bear 
Controller. ings anti-friction. Modified {y 

higher pressures and__ velocities 
these controllers serve as Wash Water Controllers or in the ef. 
fluent lines from pressure filters. Bulletin 321A. Models RCA 
and RCB are hydraulically operated. Model RCA has a gate 
type valve with specially shaped seat. Model RCB has a specia 
double butterfly valve of rectangular section and is used for line 
over 12” diameter. Bulletin 325A. 








Fig. 3. Model RCE 


FILTER GAUGES 


Filter Gauges are usually mounted 
on the operating table convenient 
valve controls, but can be mounted 
on self-supporting floor stands where 
desirable. The indicator and char 
display accurate information gath 
Fig. 4. Loss of Head and ered by the dependable Builders 

Rate of Flow Gauge. Diaphragm Pendulum Units. Attract 
ively designed for modern plant interiors. Available in mam 
combinations to indicate and/or record Rate of Flow, Loss @ 
Head, Liquid Level and Sand Expansion. Special types are cu 
tom built to engineers specifications. Bulletin 329A. 





KENNISON NOZZLES 


Accurately measure flow through partially filled pipes, sewers, ani 
open channels where there is wide range of flow rates. Partie 
larly successful on measurement of raw sewage, sludge and tat 
waste. Available in sizes from 6” to 36”. Bulletin 334A. 


CHRONOFLO TELEMETERS 


Chronoflo Telemeters bring to a central ope 
ating point, from widely scattered locations 
accurate records of flow, level, pressuft 
temperature, gate position and weight 
Chronoflo Transmitters are electrically cot 
nected by a simple two-wire circuit to Chrom 
flo Receiving Instruments. Automatic pit 
portional control of Chemical Feeders in #* 
with rate of flow is accomplished by a simpk 
attachment to a standard Chronoflo Tras 





Fig. 5. Chronoflo 


Receiver. mitter. Bulletin 320B. 
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+ HERE are men who report to their physicians regularly 
for physical examinations. These men are not concerned 
about the surface of their anatomy—they can see that; they 

want to know the trend of that part of their “human plant” that 
is under the surface. < ; 

Among other things, they want to know the friction loss in 

their circulatory system, and if an increase of this friction is 
«using a diminution of capacity and a corresponding dissipation 
of power. They are anxious to take immediaate and proper 
remedial action if the friction is building up too fast and capacity 


is falling. 
How Are Your Water Arteries? 


Realizing that probably 80% of the worth of your water works 
“anatomy” is represented by its “arteries,” also hidden under the 
surface, leads to the question—How old are your water supply 
arteries? And I do not mean in years, but in the matter of “old- 
ness” in terms of that all important criterion—friction build up 
and failing capacity. Only if you are watching your “C” line 
will you know; otherwise you can only be guessing. 


How to Find Out 


The “C” Line I refer to is no other than the important line to 
show the status and trend of the coefficient of friction of pipe 
lines which you have frequently heard referred to as the “C” 
value of mains. 

Determination of the “C” value derived from the famous 
Williams & Hazen formula may sound formidable and difficult 
but it really is not and I hope to be able to convince you of as 
much by showing how relatively simple it is to secure the needed 
test readings on a length of main and derive therefrom the “C” 
value (friction coefficient). In short, how you can answer the 
question—How old are your “arteries”? 

This type of work is not only interesting but is full of surprises. 
It is the most positive and effective method of determining the 
necessity for reducing the friction in these important arteries and 
the need for treatment to prevent corrosion. Then, afterwards, 









what the results of such treatment are. Likewise, if there are 
advantages to be gained in the use of lined pipe. Finally, as an 
added guide in planning future developments and additions. After 
you have selected and tested sections of representative mains, you 
will have enough curiosity to make a second test within six 
months, after which an annual check-up is usually sufficient, de- 
pending upon results obtained. ‘i 

The computations necessary are not as intricate as the average 
water works operatcr seems to think they are. You need not 
worry about being “rusty” in the use of a slide rule and un- 
familiar with logarithms. You do not need to have a dizzy spell 
when you see the formidable looking formulae. 


A Simple Method of Finding "C" Values 


Herewith is a tabulation of diameters and areas of both pit 
cast and super deLavaud Cast Iren pipe which is self-explanatory, 
and, although “slipped off” on a slide rule, is sufficiently accurate 
tor the work. I am also enclosing a data sheet presenting two 
logarithmic curves, the necessary formulae, conversion factors and 
explanation of symbols. These are all that I find necessary for 
ordinary purposes in solving flow problems. 

In the upper right hand corner of the graph sheet are the 
simple formulae for determining quantity, velocity, and areas. 
Formula (1) in the center of-the sheet is the original Williams 
and Hazen formula for the solution of velocity. It is more 
simply expressed in formula (2). Formula (3) is that employed 
in calculating these “C” values. Formula (4) is for the solution 
of “S,” which represents hydraulic slope or friction loss. Formula 
(5) gives the same value more simply. 


Procedure 


Suppose that you are testing a section of unlined pit cast main 
with a ncminal diameter of 10 inches. Say it is 800 feet long 
tween pressure gauges, and that the measured rate of flow from 
the hydrant at the far end was 1036.8 gallons per minute. Let us 





DETERMINING THE CONDITION OF MAINS 


How to Watch Your “C” Line for Friction Losses 


By D. R. TAYLOR 
Plant Superintendent, Water Department 
Roanoke, Virginia 





say that the pressure drop between stations (shown by the dif- 
ference in readings of the two pressure gauges) was 7.13 Ibs./sq. 
in. This represents the friction loss (S) for the 800 ft. run be- 
tween these two points. 

Now, what is the coefficient of friction (“C” value) of this 
main? 

By reference to the formulae on the data sheet we will find 


that 
Q = 1036.8 g.p.m. 


1036.8 
Q = — = 2331 c.f.s. 


Q 

V = —and A = .5454 
A 
(10” pipe table 1.) 
2.31 

V = — = 4225 ft./sec. 
5454 


The hydraulic radius of 10” pipe 
= .2083 (from table). 
Friction loss (hydraulic slope) 
S = 7.13 lbs./sq. in. (for 800 feet). 
Convert to feet loss 
= 7.13 X 2.31 = 16.47 feet. 


Per foot of main: 


= ——- = 02 


Now for the formula: 


c= in which 
ek Fy 
R** = .2033** 
Although shown in the table, this value can be secured from the 
graph as follows: On the base line, we locate .2083 (R). From 
this point, move vertically up the sheet to intersect diagonal “B” ; 
thence horizonally to the vertical axis, where we find 0.372. 
Therefore .2083°® is 0.372. 
In a similar manner, by intersecting diagonal “A,” by following 
up the .0206 (S) line from the base, we find: 
S°* = (,0206°") = .1225. 
Therefore; according to the formula, 
4.225 


= 70 
1.318 « .372 x« .1225 
In use of formula (5), by employing curve “A” in reverse,” 
any number to the 1.85th power can be had. 
For instance, using the above values in formula (5) 


4.225 —_ 
S= ( ) = .1225-* 
1.318 x 70.3 x .372 


Find .1225 on the vertical axis, move horizontally to the right to 
diagonal “A” and then drop down to the base line, and we find 
.0206. 

Therefore; S = .0206. 

In order to be as brief as possible this explanation may require 
a little close study. However, the information should prove suffi- 
cient for fairly accurate evaluations. 

l.et me warn you though to caliper the hydrant nozzle through 
which the rate of flow is determined. Contrary to the common 
assumption, this diameter is rarely exactly 2% inches. 

If, after you have pursued this task for a while, your enthusiasm 
becomes more acute and the magnitude of your study warrants it, 
you might purchase two calibrated precision altitude gauges to 
replace your pressure gauges and a K. & E. log-log duplex 
decitrig slide rule, which is not nearly as difficult to use as you 
might think. With the use of the log-log scales on this rule, 
you can accurately and quickly determine the fractional powers 
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; of numbers, and the decimal points are shown in each Hazen formula) will be a good investment. With any great 
ase. Furthermore, if all of this eventually leads to a complete. volume of hydraulic computations to be done, the answers can 

ive study of your entire distribution system, the pur- be rapidly determined with one of these rules, which is just as 
‘hase of an hydraulic slide rule (based on the Williams and easy to use as the ordinary slide-rule. 


CAST IRON PIPE DIMENSIONS 
and Hydraulic Radius Values 


or root 














; TasLe 1 
Nominal _ Actual Standard Dimensions 
Standard Dimensions Super Delavaud 
All Cast Iron Pipe Pit-Cast Class B Class 150 
R= 
- (= >) Unlined ___Cement Lined Unlined Cement Lined 
Nominal Area iam. ee Area Diam. Area Diam. Area Diam. Area Diam. 
Diameter Sq.Ft Feet 4 R™ Sq.Ft Feet Sq.Ft Feet Sq.Ft Feet Sq.Ft Feet 
Fe = = = - a .1667 .0192 1562 sates one —_— ee 
en d ‘ .0532 .2600 0490 2495 0539 .262 .0495 25 
4’.... .0873 3333 0832 .209 0915 3418 0825 3240 .0920 342 082 $22 
6".... 1963 5000 1250 .270 .2060 5120 .1890 .4900 .207 513 190 492 
8.... 3491 6667 1665 324 .3520 6690 3300 6490 367 685 346 .663 
10”.... 5454 8333 .2083 372 5420 8300 5150 8100 562 8465 536 826 
12”.... -7854 1.0000 .2500 417 .7820 .9960 .7500 .9760 812 1.016 .780 .996 
14”.... 1.069 1.1667 2917 460 1.065 1.1640 1.005 1.132 1,152 1.212 1.100 1.180 
16’.... 1.396 1.3333 3330 500 1.398 1.3320 1.332 1.302 1.500 1.382 1.440 1.352 


1”.... 1.768 1.5000 3750 539 1.768 1.5000 ‘1.700 1.470 1.890 1.550 1.820 1.520 
o”.... 2182 1.6667 4167 576 2.182 1.6670 2.100 1.635 2.340 1725 2: 
2.0000 5000 647 3.142 2.0000 3. = ee 
4909 2.5000 6250 744 4880 24950 4720 2.451 
3.0000 7500 834 7.080 3.0000 6. 


































FLOW MEASUREMENTS WITH THE CIRCULAR ORIFICE AT END OF PIPE 


STANDARD PIPE (Peerless Pump Bul.) 










To obtain an accurate 
result in measuring the 
flow of water with a cir- 
cular orifice the follow- 
ing conditions are to 
be maintained: Pipe 
must be horizontal with 
no elbows, obstructions 
or bends within 8 pipe 
diameters of discharge 
end; the orifice must be 
running full of water and 
“‘H”’ be at least one inch 
above top of the pipe. 


Drill and tap discharge 
pipe on the side through | 
center line for %”’ pipe 
connection one foot back 
from orifice. It is very 
important that the %” 
nipple does not extend 
inside the inner wall 
of the pipe and should 
be absolutely flush. 


When the rubber hose 
connection and the glass 
tube are installed “‘H’”’ 
may be measured from 
the center of the pipe 
with an ordinary rule. 









GLASS TuBE 
Russer Hose 


Ar Least8 ORIFICE 
Pipe Diam’s 


2 
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ELECTRICAL THAWING 


of Service Lines and Small Mains 


By FRANK C. AMSBARY, Jr. 
Superintendent 
Champaign, Illinois 


HE following review of factors entering into the problem 

of thawing water service pipes is based upon the use of e‘ec- 
trical energy derived either from transformers connected to con- 
venient power lines, or the gasoline engine driven welders. These 
comments, suggestions and recommendations, being presented at 
the request of the editor of “Water Works and Sewerage,” are 
based on long experience by the writer’s company with electrical 
thawing methods. 


Selecting a Transformer 


In the selection of a transformer for this purpose, two classes 
of equipment are available. The small portable transformer 
which is connected to the house electrical service lines and trans- 
formers which must be connected to the power company lines on 
the poles. 

The small portable transformers with which we have had ex- 
perience, due to the limited current carrying capacity of the elec- 
tric service into the average residence, necessarily has a smal] 
output, resulting in limited applications and slow thawing. How- 
ever, it is particularly suitable for thawing plumbing inside of 
structures or where only a short run of small pipe has been 
frozen, also for services of lead. 

For all purpose use the transformer connected directly to the 
lines on the power company poles is usually the best. If this 
source of energy is chosen, suitable arrangements for the trans- 
former, a lineman to make the primary connections, and a satis- 
factory energy charge can undoubtedly be made through the local 
office of the power company. 

The power company should be cautioned to furnish a trans- 
former with the lowest voltage available on the secondary to 
keep handling hazards at a minimum, and a current capacity of 


not over 200 amperes if the services to be thawed are of stee! 
wrought iron, lead, or cast iron, and not over 400 amperes jf the 
services are of copper. 


Welding Generator Units 


The gasoline engine driven welder is probably the most flexible 
unit available for thawing purposes. Being an entirely self con 
tained unit, it is not dependent upon the necessity of an adjacent 
power line, and any intelligent employe can readily operate it 
No lineman is required. 











A Unit of Ottawa’s Thawing Fleet 


In the selection of a welder, it is suggested that the voltage 
be somewhere between the limits of 30 and 60, and if no copper 
pipe is used in the distribution system, the amperage be limited 
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Our Combination Welder and Thawing Unit 


Purchased for Thawing, and Use Also as a Welder, This Heavy Duty Unit Has an Output Range of 150 to 600 Amperes a 
40 Volts. 
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200 amperes. If copper pipe is likely to be encountered, the time should be secondary to safety; and, for safety, the rates 
Over limit should be 400 amperes. recommended in the table should not be exceeded. 
Wrhere is a considerable difference between the cost of a 200 Wire Size | Al 
re and a 400 ampere welder, and this difference in cost can- ire size Important Also 
not be justified if there 1S no need of the larger currents. The following table gives safe current carrying capacity for 
All welders are equipped with controls to regulate the amper- the leads from the source of energy to the pipe to be thawed. It 
which readily adapts even the 400 ampere welder to any of is assumed that the length of such lead wires will be kept at a 











the service materials in common use. minimum. 
. . . Size Wir 
Suggesting Current Rate for Various Materials B&S : cates 
The following table showing the resistance and approximate DT iitcntatdntwekidawdsadsibedeaaauenen 200 amps 
| melting points of the more common metals used in service lines, ED ocons easescesensnade sencetnenoganees 225 amps 
© of ‘tee long with the suggested rate of current to be used for each, tells DOD esescccesesescccccasesecesconees 275 amps 
Cres if the + comprehensive story of thawing in itself. ENE Kcnedadccndcciabanmiasenbaeneines 325 amps 
‘« suggested that operators of the thawing equipment be . : ‘ 
cane caine of this table to carry with them at i tome, so » oe note of thawing twice these rates of flow may 
ach will be fully advised of the conditions that must meet on sey Cages. 
st fen zach job, by ready reference. 
= Ohms Per Approximate Suggested Rate 
ame Metal Milfoot* Melting Point of Current 
eit Copper «+--+ we ae 1900° F. 300 to 400 amps 
Steel .osseceee . 63.00 2600° F. 200 amps 
Wrought iron .. 82.80 2800( F. 2U0 amps 
OS are 123.00 625° F. 75 to 150 amps 
Cast iron ...... 684.00 2500° F. 75 to 150 amps 


—_—_ 


*Resistance in piece of metal which is .001 inch in diameter 
and 1 foot long. 

The smal‘er the value in ohms per milfoot, the higher the rate 
of current required to produce sufficient heat to melt the ice. 
For this reason the highest rates are recommended for copper. 
Due to the high resistance of lead and cast iron, lesser rates will 


























accomplish the desired results in a reasonable time and in all cases Suggested Thawing Hook-Up 
the smallest rates compatible with time should be used to elimi- By This Arrangement Two Services Can 
nate dangers always present when large currents are used. Be Thawed at One Operation. If Only 
The melting point of the metal of the more generally used One Service Is to Be Thawed, One Wire 
materials found in service construction is included in the above (Either One) May Be Connected to a Fire 
table to suggest the danger of melting lead service pipes. It will Plug. Before Turning on the Current It 
» vel be noted that lead, which has the lowest melting point, also ranks Is Important_ to Disconnect the House 
~—: next to the highest in resistance. To prevent over-heating and Piping From the Service Lines. 
limited melting of lead, the low rates must be used. It follows that the 


75 to 150 amperes which is recommended for lead will thaw a : ° 
service of this material in a reasonable period of time, while if Procedure and Precautions: 


this same rate is used on copper, due to its low resistance, the The following example for thawing a frozen service is based 
heat generated will be negligible. upon the assumption that meters are set in the basement, and 

Rates recommended for lead should be used where lead goose- the thawing circuit is closed by connecting one wire from the 
necks are used regardless of the mater al used in the balance of source of energy to the frozen service pipe in the basement and 










the service. Lead joints in cast iron j spe must likewise be pro- the other wire to the service pipe in the adjacent house (see 
tected by the use of small rates. sketch) ; also that a good quality C clamp, or similar appliance 






for making the electrical contact to the pipe, is used. It is rec- 
Time Required Depends Upon Current ommended that a solderless lug be clamped on the end of the 
wire and then securely bolted to the C c!amp. 

The period of time required to thaw a service is inversely pro- First remove the meter in each basement or in some way break 
portional to the square of the current. For example, with a one- ll connection between the house piping and the line to be thawed. 
half inch service, if it requires 10 minutes to thaw at 200 am- Remember that in thawing services one is dealing with a current 
peres, it will require 40 minutes at 100 amperes. that in some cases is as high as 40 times the average lighting 
Regardless of the number of services waiting to be thawed, demand of a home. Due to grounding of house lighting circuits 























1918—Other Equipment We Have Known—1929 
(Both Being Put Together in Our Own Shop) 


sal 
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to water pipes, if the meters are not removed, or some other 
break made in the line, the current used in thawing the service 
may feed back into the light circuit and cause serious damage. 
Houses have been burned down due to such a condition. Another 
source of feed-back is through the water heater to the gas line, 
which may melt the lead gaskets in the gas meter. 

Special care should be exercised to see that all rust, scale, 
grease, etc., is removed from the pipe at the point where the C 
clamp is fastened to the pipe. Unless a good contact is made, 
arcing is likely, which may cut holes completely through the pipe. 
Poor connections also waste electrical energy and slow up 
thawing. 

The connections now having been made to both services, thaw- 
ing may be started. Do not make the common mistake that 
has caused trouble by assuming the removal of the meters will 
eliminate all sources of feed-back from the thawing circuit. 
Water pipes may make contact underground with the gas distribu- 
tion system and thus feed-back into the house. During the entire 
period of thawing constant check-on the gas pipes in both houses 
should be made, as well as to adjacent properties that are en- 


tirely out of the circuit established for thawing. 

in gas meters have been melted out in the basements ft 
not included in the thawing circuit. Continually check connes: 
and joints in the circuit to see that they are not Overheating 


Some Final "Dos and Don'ts" 


(1) Use the smallest current possible to accomplish the job 
do not hurry by using large currents. I; 
(2) Be sure of good electrical contact from source of ener 

(3) Be sure your wires from the source of energy are adequate 

(4) Be sure that you know the material used in the SETVice 
and adjust the current used accordingly. 

(5) Be sure to check for any feed back of the current Used 
in thawing through the gas service. Any heat detected by plan 
the hand on the gas meter couplings will immediately indicat 
such a condition. 

Polarity does not really make much, if any, difference in the 
efficiency of the circuit. 

But—NEVER FORGET THAT IN THE USE OF Lape 
CURRENTS IT ALWAYS PAYS TO BE CAUTIOUs! 





RAPID EMERGENCY METHOD OF THAWING HYDRANTS* 
By E. E. JACOBSON 


Chief Engineer, Lexington Water Co., Lexington, Ky. 


One of the many worries of the water works man during the 
cold winter months is the problem of fire hydrant maintenance 
and their operation when the thermometer drops below freezing. 

Proper inspection and drainage of fire hydrants will eliminate 
most of the trouble, but hydrants only a few days after inspection 
have been found to contain water in the barrel. As the weather 
turns cold the water in the barrel becomes ice and the hydrant 
will not operate. No doubt every water works superintendent in 
states that have cold winters has experienced frozen fire hydrants. 

The method used in Lexington, Ky., for a number of years as 
an emergency method of thawing ice from hydrant barrels is by 
pouring concentrated sulphuric acid into the hydrant barrel. Dur- 
ing the Fall each piece of apparatus of the Lexington Fire De- 
partment is supplied with a quart bottle of sulphuric acid (66% 
commercial). When the acid is used the Lexington Water Com- 
pany is notified and another bottle is sent to the fire station. In 
the Spring of the year these bottles are collected and fresh acid 
is issued each Fall. 

When answering an alarm and a hydrant is found to be frozen, 
the acid is poured into the barrel through the nozzle and a slight 
pressure put on the stem operating wrench. As soon as the heat 
produced by the acid drills a hole through the ice cake the hydrant 
is opened, flushing out the acid with the first gush of water. 

In frozen hydrants we have found that the ice forms first above 
the valve and in most cases it is doubtful if the acid reaches the 
valve because the stem turns and the water is turned on as soon 
as the ice melts around the stem. 

The average time for thawing hydrants with acid is about three 
minutes although this would depend upon the thickness of ice in 
the barrel of the hydrant, and might vary considerably from the 
above time if very thick. e 

The advantages from this method of thawing hydrants com- 
prise the ease of handling the thawing material on the fire trucks. 
the small space necessary on the trucks, simple to use, inexpensive, 
and the rapidity of results. Hydrants in which acid was used 
have been taken apart and no ill effects to the hydrant parts 
could be found. 

The effectiveness in the use of sulphuric acid for this purpose 


can be determined by the following letter from the Chief of the 
Lexington Fire Department: 
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Mr. E. E. Jacobson, Chief Engineer 
Lexington Water Company, 
Lexington, Kentucky. 

Dear Mr. Jacobson: 


Relative to our conversation this morning, I am furnishing you 
with all the information that I have in regards to the use oj 
sulphuric acid in thawing fire hydrants during extreme cold 
weather. 

In case a hydrant is found to be frozen, one of the caps of the 
hydrant is removed and a quart of acid is dumped into the 
barrel of the hydrant. The suction hose is then replaced on the 
hydrant, and in the majority of the cases the hydrant is thawed 
out by the time the suction is replaced, and the hydrant is turned 
on. The water and acid is allowed to flush out through the 
pumper or the hose, and we have found that little or no damage 
is caused by this action, due to the fact that the acid is nev- 
tralized by water to such a degree that it is harmless to th 
pumper or the hose. 

In some instances the acid is a little slow about thawing the 
hydrant, but in these cases it is usually in certain parts of the 
city, where the surface water seeps in the barrel of the hydrant, 
causing the hydrant to have more water than usual in the barré, 
but as soon as these hydrants are found, your company has had 
them filled with alcohol, thereby eliminating this trouble. 

You will notice that we say that we replace the suction on th 
hose to the hydrant before we turn on the water. This is dom 
to prevent acid burns to members of the department and the hose 
and apparatus that is near the hydrant. The first spurt of acid 
and water from the hydrant would be dangerous to anything 
that it touched, but by replacing the cap, the acid is diluted with 
the water to a point where it is practically harmless to anything 
it might touch. 

It has required from two to eight minutes to thaw a hydrant 
with acid, where it usually requires about ten minutes to thaw 
out a hydrant with a regular thawing device, old style thawing 
device. 

A test was made at fire department headquarters today. A 
fifty pound block of ice was used and one quart of sulphuric acid 
was poured into a hole in the ice. Ten minutes later a hole was 
burned in the ice eight inches deep, six inches wide and te 
inches long. Of course, this was a little longer than it 
have been in a hydrant, due to the fact that acid will follow th 
stem of the hydrant and penetrate into the ice faster than it dd 
during the test. We have found the use of sulphuric acid for 
thawing hydrants to be most satisfactory. 


C. J. Henry, 
Chief, Lexington Fire Department. 
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Note Direct Action from propeller A complete totalizing unit can be installed 
to totalizer, which registers in quan- _jn a 6-inch pipe for $240. Tube-mounted 
tity unit desired. Sparling Meters meters, with liners and straightening 
may be installed on suction or dis- snes cost slightly more. The complete 
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. meter, or electrically controlled at any 
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TRANSITE PRESSURE PIPE — TRANSITE SEWER PIPE 





TRANSITE PRESSURE PIPE ... a brief discussion of how this 
asbestos-cement pipe can help you provide more efficient 


water service at lower cost— 














12 WATER PIPE PROBLEMS AND 
HOW TRANSITE PIPE HELPS SOLVE THEM 


TRENCHING COSTS 


Trenching costs are low with Transite. No bell 
holes are required at the joints, and the width of 
trenches and disturbance to pavement are kept to 
a minimum. 


HANDLING COSTS 


Transite’s light weight means more footage per 
truck load—easier handling at the trench. 


INSTALLATION COSTS 


Fast assembly with the Simplex Couplings keeps 
installation costs low, minimizes traffic tie-ups. 


CURVES 


Transite’s flexible Simplex Couplings permit de- 
flections up to 5° at each joint without use of 
fittings. 


JOINT LEAKAGE 


Tight, flexible Simplex Couplings guard against 
costly underground leakage and washing away of 
supporting soil and undermining of the pipe. 


RED WATER 


Made of asbestos and cement, Transite Pipe cannot 
rust—cannot cause red water. 


ELECTROLYSIS 


Stray electric currents from power lines cannot 
damage this non-metallic pipe. 


VIBRATION 


Transite’s flexible joints absorb the vibration of 
heavy traffic—stay tight in service. 


SOIL STRESSES 


Major factors assuring high resistance to soil 
stresses are Transite’s high uniform strength, its 
exceptional resistance to corrosion, and tight Sim- 
plex Couplings. 


SOIL CORROSION 
Hundreds of installations in aggressive soils prove 
Transite’s high corrosion resistance. 

DELIVERY CAPACITY 


Tuberculation cannot reduce Transite’s high de- 
livery capacity (C— 140). Therefore, pumping 
costs stay low. 


MAINTENANCE 


Because of its corrosion resistance and tight joints, 
maintenance costs are kept low. 
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N SELECTING a pipe for water lines— 
| whether for the extension or replacemen; 
of existing lines or the installation of , 
complete new system—careful consideration 
should be given to the basic factors contribyt. 
ing to the economic life of the pipe. For ex. 
ample: 
DELIVERY CAPACITY... 
Waterworks engineers generally agree that 
a water main, even though it remain structur. 
ally intact, may outlive its economic usefulness 
over a period of time. This points is reached 
when the pipe will no longer carry, econoni- 
cally, a sufficient volume of water to meet 
demand. Such a condition may arise from 
characteristics inherent in the pipe itself, from 
increased demand on its delivery capacity, or 
from a combination of these two causes. There- 
fore, in designing water systems, the engineer 
is faced with the responsibility of anticipating 
and solving these problems. 





To compensate for expected reductions in 
carrying capacity, specifications often call for 
larger sizes of pipe than would otherwise be 
necessary. However, there is another, more 




































One of thousands of municipalities where Transite Pipe is co 
tributing to efficent, economical water service. Transite’s speed 
of assembly reduces the time trenches must be open 

traffic congestion and inconvenience to business. 
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Cement 

Nn of 3 

eration 

itribut- 

‘or ex- fhe smooth interior surface of Transite Pipe provides an excep- 
onally high delivery capacity (C — 140). Transite’s high flow 
capacity and low pumping costs are not subject to tuberculation. 

€ that 

‘uctur- { fundamentally sound solution. In J-M Tran- 

‘ulness site Pipe, engineers find basic advantages that 

ached f permit them to specify the most economical 

momi- f pipe sizes with full assurance that delivery 

) meet fF capacity will never be reduced by tuberculation, 

fron — the internal corrosion which, even when pres- 

,from § ent in relatively small degree, greatly reduces 

ty, or f carrying capacity. 

here Transite Pipe is an asbestos-cement product. 

ner F During manufacture, it is built up on a polished 

ating F steel mandrel that imparts unusual smoothness 
to the interior wall. Its flow coefficient is con- 
ns in f servatively established at C = 140, which pro- 

Il for f+ vides an exceptionally high carrying capacity. 

se be Transite’s freedom from tuberculation means 

more § that pressures need not be increased, mains 
» ff periodically cleaned or systems reinforced with 
- larger or additional mains to compensate for a 


steadily decreasing flow coefficient arising from 
this costly form of internal corrosion. Further- 
more, in many cases Transite Pipe permits the 
use of smaller diameter pipe with resultant sav- 
ings in all the numerous items that go to make 
up the original cost of a completed water line. 


SOIL CORROSION... 

Broadly speaking, most soil corrosion engi- 
neers agree that there,are two principal forms 
of soil corrosion — chemical and_ electro- 
chemical. 


Chemical corrosion is caused by the direct, corrosive 
action of acids and salts encountered in the soil. Tran- 
site Pipe, due to a special process of manufacture and 
treatment, is virtually inert to concentrations of acids and 
salts ordinarily found in soils. Free lime which might 
generally be expected in cement products, has been 
largely converted to insoluble silicates due to the method 









GRAMS OF Ca O PER 400 C.C. OF SOLUTION 


Over 62,000 feet of 10-inch to 30-inch Transite Pipe were used on 

this water collection and transmission system. Because of its light 

weight and speed of assembly, the pipe was laid as fast as the 
trench was opened. 


of manufacture. A comparison of the two curves in the 
diagram below shows the high degree of insolubility of 
Johns-Manville Transite Pipe. It is for this reason 
that Transite is so resistant to the forms of chemical 
corrosion as encountered in soils. 


Electro-chemical corrosion is caused by the electro- 
lytic action between ordinary pipe and substances in the 
soil. This action is similar to that of a simple electric 
cell. In this case, the substances in the soil represent 
the positive pole; the soil moisture, the electrolyte, and 
the pipe wall serves as the negative pole. . The current 
generated passes from the pipe to the positive pole and 
causes a gradual disintegration of the pipe structure. 


With Transite, however, this condition can never 


0.325 


0.275 
0.25 
RESULTS OF LEACHING TESTS 


(1) TRANSITE PRESSURE PIPE 
(2) PORTLAND CEMENT (NEAT) 


0.225 


0.2 


0.175 


0.150 


0.125 


0.100 


0.075 


0.050 


0) 


0.025 





NUMBER OF CYCLES 


The chart above represents a series of leaching cycles for 

both pulverized Transite Pipe and neat cement. The small 

amount of free lime extracted from Transite indicates that 

for all practical purposes it may be considered insoluble— 

one of the major factors responsible for its unusual resis- 
tance to soil corrosion. 
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occur, because being non-metallic, Transite is a non 
conductor—therefore absolutely free from electrochem- 
ical corrosion. Furthermore, this asbestos-cement pipe 
is immune to electrolysis caused by stray electric cur- 
rents from high voltage lines, street railways, etc. 


The successful performance of thousands of Transite 
Pipe installations in all kinds of soil and under many 
varying climatic conditions provides practical proof of 
its high resistance to corrosion—inside, outside, and 
all the way through. 


JOINT LEAKAGE... 


Numerous surveys have shown that leaky joints are 
responsible for a considerable portion of total water 
losses from underground mains. Generally recognized 
by waterworks men as a serious problem, joint leakage 
not only results in a direct waste of water, but, by wash- 
ing away supporting soil, contributes to failure of lines 
under traffic and earth loads. 


Much of this trouble is caused by the fact that the 
ordinary rigid joint, even though initially tight, may 
open up when subjected to vibration or settlement after 
the line is in service. 


Such potential losses are minimized with a flexible 
joint. And that is the principle upon which the Sim- 
plex Coupling, employed in assembling Transite Pipe, 
was designed. Consisting of a Transite sleeve and two 
rubber rings, it forms a tight joint that stays tight in 
service. Its flexibility guards against vibration and 
stresses transmitted by the soil. Depending upon the 
size of the pipe, a deflection of as much as 5° is possible 
at each joint. 


The ease of assembling the Simplex Coupling and its 
dependability in service is due primarily to these dis- 
tinctive features: 














wall _—_ ee 





Simplex Coupling Assembly. (1) at start of operation, (2) sleeve 


pulled over one ring, (3) final position, sleeve centered over joint. 
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Posi, 
tion is right, the 
joint is tight 





1. It is actually a pre-fabricated, “packaged” joint 
The ends of each pipe and the inside of each coupling 
are machined to specific dimensions. The rubber rings 
are precision-made and subjected to rigid inspection 
before shipment. Joints are assembled cold—no pour. 
ing, caulking or heating equipment is used. A simple 
coupling puller, loaned by Johns-Manville withoy 
charge, is the only tool required for assembly, 


2. The effectiveness of the joint does not depend on 
the individual skill or training of the workmen, 
simple is the operation that perfect Simplex joints cap 
be made quickly and economically even by unskilled 
crews. 


The Transite sleeve, like the pipe itself, is made of 
asbestos and cement and has the same high degree of 
resistance to corrosion. The rings, made of the highest 
quality rubber, are carefully cured and specially com- 
pounded with anti-oxidents and properly graded non- 
hygroscopic fillers to assure permanence in water 
service. Thousands of installations testify to their 
dependability and permanence. 


INSTALLATION ... 


One of the major factors contributing to initial cost 
of a pipe line is the time and equipment required for 
installation. 


Transite Pressure Pipe offers primary advantages 
that help speed up installation and cut costs. The long, 
13-ft. lengths are relatively light in weight. Two or 
three men can easily lower 8 inch pipe into the trench 
by hand. In fact, all but the largest sizes can be han- | 
dled without the use of mechanical equipment. 


Simplex Couplings are assembled cold just as they 
are received from the factory. Wet trenches present 
no problem. Assembly of the line is completed with 
savings in time and man hours of labor expended. 





WRITE FOR COMPLETE DETAILS 


A detailed discussion of the economic factors Cot 
tributing to efficient low-cost water lines is given ™ 
the Transite Pressure Pipe Brochure, TR-11A. The 
76-page “J-M Pipe Installation Manual,” D. S. 3%, 
outlines effective methods of installing water lines and 
includes much more data on Transite Pipe and the 
Simplex Coupling than was possible to include on thes 
pages. For your free copy of these books write t 
Johns-Manville, Box 290, New York 16, N. Y. 
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In YOUR SEWAGE DISPOSAL SYSTEMS - - - 
Transite Sewer Pipe offers fundamental advantages that help reduce 
the cost of sewer line construction, maintenance and operation. 


TRANSITE SEWER PIPE 


Gravity Sewer Lines offer a number of specialized 
roblems which ‘Transite Sewer Pipe meets eminently 


| |. For example: 


wel 


INFILTRATION— 


It has been authoritatively estimated that as much as 
25% of the contents of the average sewer is ordinary 
ground water that enters the system by infiltration 
through the joints. And it costs practically as much to 
treat this water at the disposal plant as it does to treat 
sewage itself, thereby increasing operating costs and 
hastening the day when plant facilities may have to be 
expanded to provide for increased load resulting from 
, normal population growth, Furthermore, in many 
cases engineers must allow for this huge quantity of 
water by specifying a larger diameter pipe than would 
otherwise be necessary. 


With Transite Sewer Pipe, however, the infiltration 
of ground water presents no serious problem. Tran- 
site’s long 13-ft. lengths cut down the number of joints 
in the line, thus reducing the danger of infiltration right 
at the start. Furthermore, the sleeve type joints em- 
ployed in Transite lines are unusually tight and stay 
tight in service. The joint is strong, flexible and highly 
resistant to cracking or shrinkage stresses. As a result, 
Transite Sewer Pipe installations have shown far less 
infiltration than that allowed by the usual specifications. 


CARRYING CAPACITY 


One of the most important factors in any sewer line 
is carrying capacity. All other things being equal, the 
relative carrying capacity of two or more types of pipe 
is best indicated by their flow coefficients. If, for ex- 





r 





Transite, the corrosion-resistant, asbestos-cement sewer pipe, 
answers every requirement of efficient sewerage service. 
Its long 13-ft lengths make laying to exact grades a quicker 
and more accurate job. And the tight joints employed 
minimize inflation. 





ample, the inside of the pipe is rough and uneven, the 
flow velocity and carrying capacity are greatly reduced. 
A smooth pipe provides a higher flow velocity and a 
correspondingly higher carrying capacity. 

Transite Sewer Pipe has an unusually smooth interior 
surface, its conservative friction coefficient being 
n=.010. The resulting high carrying capacity means 
savings that can be taken in one of two ways. Flatter 
grades may be employed during installation—reducing 
the depth of the trench, and therefore cutting down on 
the amount of excavation required, and making installa- 
tion a faster, more economical job. Or, when a steeper 
sewer pipe grade is employed and deeper trenches ex- 
cavated, Transite’s higher flow velocity often makes it 
possible to use a smaller diameter pipe without reducing 
the desired carrying capacity of the system. 


OTHER CONSIDERATIONS 


Resistance to corrosion, structural strength, and ease 
of installation are, of course, other important considera- 
tions in the selection of sewer pipe. 

Because of its special asbestos-cement composition 
and its unusually low free lime content, Transite Sewer 
Pipe is highly resistant to the corrosive action of all 
types of domestic sewage and most industrial wastes— 
inside, outside and all the way through. 

Transite Sewer Pipe is furnished in sizes from 4” to 
36” in Class I, from 10” to 36” in Classes II and III, 
and from 18” to 36” in Class IV. Each class of pipe is 
made to specific crushing strengths, thereby providing 
for the selection of the most economical combination of 
classes of pipe to meet the specific strength requirements 
of the line and eliminating the need for concrete 
cradling. 

The long 13-ft. sections in which Transite is fur- 
nished eliminates many of the problems encountered 
in the installation of short length sewer pipe. Relatively 
light in weight, these long lengths cut down handling . 
costs. More footage may be carried per truck load 
to the trench and fewer man-hours of labor are needed 
to install the pipe. These long lengths also reduce 
the number of joints that must be made and thus save 
considerable time and labor. In addition, long lengths 
greatly facilitate laying the pipe and maintaining the 
line to an accurate grade. 


TRANSITE PRESSURE PIPE FOR SEWER LINES 


Operational requirements of pressure sewer lines 
are very similar to those of water lines. In addition, 
the pipe must be resistant to the corrosive action of the 
sewage. Transite Pressure Pipe for sewer lines, which 
is made of the same durable asbestos-cement composi- 
tion as Transite Water Pipe, described on the preceding 
pages, meets all these requirements and provides highly 
satisfactory service in systems of this type as demon- 
strated in numerous installations. 

For further details on Transite Sewer Pipe for gravity 
lines, write Johns-Manville, 22 East 40th St., New York 16, 


N. Y., for Brochure TR-21A; on Transite Pressure Pipe for 
force mains, write for TR-11A. 
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DE-WATERING MAINS WITH COMPRESSED AIR 





Eliminates Pumping, Wet Trench, Loss of Time 


By ARTHUR C. KING 
Superintendent of Water Works, Taunton, Mass. 


SEWERAGE” an article by Roger W. Esty and Nelson Board- 

man of Danvers, Mass., describes the use of compressed air 
for removing water from mains, 

Here in Taunton, Mass., we have adopted the method, devel- 
oped by Esty and Boardman, and have successfully used it on 
pipe of such size that we believe our experience might be of in- 
terest to others who may have questioned the value of the scheme 
for mains of larger sizes. (See sketches on next page.) 


I‘ THE 1939 Reference Data Issue of “WATER WORKS AND 


An Experience with a 12-Inch Main 


It became necessary to relocate about 600 feet of 12” cast iron 
main. Since occupied buildings were supplied from the section 
to be relocated, it was decided to lay the new main before cutting 
off the old for salvage. 

Aiter the new pipe was laid, the problem was that of making 
the connections between the old and new as quickly as possible, 
both on account of regular use and also the reduction in fire 
protection during the change-over. The section to be drained 
(about 2500 ft.), lay on an up-grade, as will be seen on the ac- 
companying sketch (a), and hydrants were already in place at 
the high end and near the low end. The main was shut down, the 
hydrant near the low end was opened, and the air compressor 
connected to the hvdrant at the high end. In a surprisingly short 
time, perhaps 40 minutes, although it was not timed, water ceased 
to come out of the hydrant and the main was cut. No water came 
out through the cut. The old and new sections were connected and 
the water turned into part of the new main within 4 hours, re- 
storing service to all buildings. The upper end was then cut off 
and reconnected. Not a bit of ditch pumping was required. 


We Try a !6-inch Main 
Another large main de-watered with compressed air was of 
16” cast iron. The length between gates was about 1200 feet— 





—s 


see sketch (b). About 800 feet was on a slight up-grade to 
summit, where there was a hydrant. The other 400 fee nt 
on a downgrade to the point of cutting, with a hydrant jn that 
shut-down section just beyond the cut. The low hydrant was 
opened and the compressor connected to the hydrant at the sum- 
mit. The water was quickly driven out and the cut made. In this 
case, apparently some gate was not shut quite tight as a trickle 
of water occasionally came out, but it was not enough to make 
trouble for us. We considered this job also a remarkable dem. 
onstration of the Danvers method. 

On second thought, another hydrant might have been Opened 
to de-water part of the main on the slope back from the summit 
away from the work, before the cut was made. Then the leakage 
would have accumulated back of the summit. 


We Do a 20-inch Job 


On another occasion we used the air to empty about 700 fey 
of 20” cast iron pipe, sketch (c). The upper end was nearly level 
for about 200 feet then the pipe sloped down from a hydrant 
the summit about 500 feet past the work to be done to a hydrant 
at the low end. Here again no difficulty was experienced and the 
water was driven out very quickly, but was not timed. 

We also drained about 1200 feet of 12” cast iron shown op 
sketch (d). In this case we cut out and replaced an 8” gate valye 
on a branch main a few feet away, and on an up-grade, from the 
12” main. The whole job of de-watering, cutting out the old and 
inserting the new gate, was completed in less than 2 hours. 

Our compressor is set for a maximum of 95 pounds pressure 
and starts up when the pressure drops about 10 pounds. We did 
not note what pressure was held during de-watering, but there 
was no indicatiorY of lack of air or pressure for these lengths of 
12”, 16” and 20” mains. The rated capacity of our compressor 
is 110 cubic feet per minute. 

The scheme proved its worth very effectively. 





IMPROVED METHOD OF MAKING 
WET TAPS 


By E. T. CRANCH 
Manager, New Rochelle (N. Y.) Water Co. 


It is assumed that all waterworks men are familiar with the 
ordinary hand operated machines for the making of wet-taps. 

The hand operated machine, while a great convenience was, 
however, tedious to operate. A six or eight inch tap would 
take two or three hours to cut and the larger taps much longer. 
It would also take not less than three men, working in relays, 
to operate the machine successfully. 

For plants which carry an air compressor unit in their equip- 
ment, there is now a means for making these taps quickly and 
easily. The old hand-type machine can be readily equipped with 
a bracket to permit the use of a compressed air motor and with a 
three-horse air motor an eight inch tap can be made in less than 
half an hour. With this arrangement it is also possible for one 
man to operate both the motor and the drill feed. 

Equipping the machine with the motor-drive does not interfere 
with its continued use as a hand machine whenever conditions 
warrant, or should compressed air not be available at some time. 
It is only necessary to unscrew four stud bolts and remove the 
motor bracket. The machine is then ready for hand operation as 
before. 

With the use of the air operated tapping machine we have 
recently made an 8-inch connection to a 12-inch main of class 
“B” pipe. In timing the whole operation it took just 90 minutes 
from the time the men started to place the sleeve on the pipe 
until the job was completed and the machine removed. The actual 
drilling time was, in this case, only 11 minutes. 

The accompanying illustration is a picture made on an earlier 
job. The tapping machine, which is not new, was purchased some 
years ago from the A. P. Smith Mfg. Co. The compressed-air 
motor was supplied by Ingersoll-Rand Co. 


W. & S. W.— REFERENCE & Data — 1946 










































4, 


de toa 
Pet Was 
in that 
int was 
ne sum- 
In this 
trickle 
O make 
le dem. 


Opened 
summit 
leakage 


100 feet 
rly level 
drant at 
hydrant 
and the 


Own on 
te valve 
rom the 
old and 
$. 


pressure 
We did 
ut there 
igths of 
npressor 











DEWATERING MAINS 





—_—_ 


hydrant 





Dewatering 
Y hydrant 


4, Dewatering 








4—_1— 


Pr 


of ile 


(a) 


compressor 


2 


oO 





also for. 
dewatering 





— 


2500 feet of 12” 


This hydrant should J Air compressor 


have been used 


16 


(b) 










1200 feet of Ib” 







Dewatering 
g hydra nt 


? 





Dewatering 


Jhydrant 29 
| a 


Cc) 


v Air compressor 


a 





7oo feet of 20 


=a 





otompresso 


- 








z hydrant 
i } & - 7——___ 
“a = 8" branch De€ad end 
(d) 
1200 Feet of 12" 
essed Air. 


De watering 











. ; Employing Compr 
- : in-Dewatering Expersences 
Sketches Revealing Conditions Main Ww. & S. W.— Rererence & Data — 1946 












THE NATIONAL WATER MAIN CLEANING 
COMPANY 


Contractors for Cleaning of Water Mains 
50 Church St., New York 7, N. Y. 





BRANCHES 
ATLANTA 3 MAYAGUEZ BOSTON [5 CHICAGO 6 JACKSONVILLE | KANSAS CITY 2 
1225 Mortgage PUERTO RICO 115 Peterboro St. 205 Wacker Dr. W. P, O. Box 683 3707 Madison St. 
Guarantee Bidg. P.O, Box 749 
OMAHA 5§& RICHMOND 19 ST. LOUIS 17 SAN FRANCISCO 5 MONTREAL WINNIPEG 
3812 Castellar St. 210 Franklin St. 7103 Dale Ave. 501 Howard St. 2028 Union Ave. 576 Wall St. 


The 


NATION, 


METHop 
















WHAT YOU GAIN FROM 
MAIN - CLEANING 
by NATIONAL 


1.—More Water 
2.—Better Water 










3.—Higher Pressures 






4.—Lower Pumping Costs 


5—Lower Fire Insurance 


Rates 


6.—Satisfied Consumers 

















When a Pipe Lining Is Tube 

culated to This Extent, the Fre 

tional Resistance to Flow I: 
Considerable 





20” Main in a Midwest City 
Before Cleaning 


Our experts can make valu- 
able suggestions about the 
best, quickest, and most eco- 
nomical ways to restore 
95% of your pipe’s original 
capacity. 


To put your water distrib 
tion system into first clas 
condition for maximum serv- 
ice get in touch with ow 
nearest office. 


Machine Arrives at End of Run After Cleaning 30” Main in St. Louis 


HE ONE place you want experienced serv- Mains down over 20 years easily can lose 50% 
ice is in your water main cleaning. Too much of original capacity through encrustations and 
depends upon your uninterrupted water supply foreign matters, which reduce pressure, quantity 
to justify taking chances. 38 years of successful and quality of water, as well as increasing pump- 


cleaning experience are at your command when woke tae h 
you employ National to do this important work. 8 Costs and keeping insurance rates up. Suc 


All the improved technique that comes from being mains can be cleaned the National way in from 
America’s leading water main cleaners for over 5 to 7 hours, at night if necessary. Service can 
a third of a century is at your disposal. be resumed very quickly in any emergency. 


Information regarding any of the hundreds of successful cleaning projects will be supplied upon request. 





GUARANTEED TO RESTORE 95% ORIGINAL CAPACITY 
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Fig. —Curves Revealing Loss of Effective 

Pipe Diameter as Tuberculation Increases 

—Likewise Recovery of Line Capacity 
Through Main Cleaning. 


ECAUSE wartime restrictions on men 

and material made the laying of new 
mains extremely difficult, the rehabilita- 
tion of distribution systems by cleaning 
and lining is being practiced as the least 
expensive and quickest method of obtain- 
ing additional capacity. In so doing the 
useful life of the rehabilitated main is ex- 
tended many years and the recovered capa- 
i is assured of being sustained there- 
with. 

There are many improved practices in 
both cleaning and cement lining and, with 
proper scheduling, work can be done much 
more quickly than in earlier years. 


Some Modern Practices 


The cutting of cast-iron pipe has long 
been a laborious, tricky and uncertain job 
and there is a decided trend toward the 
use of machines for this work. In the 
smaller pipe the use of a wheel-type cutter 
has been standard practice but, unfortu- 
nately, it cannot be used with any degree 
of satisfaction in sizes over 10 in. There 
are a number of methods which have come 
into use in the last few years for cutting 
the larger sizes of cast-iron pipe. The 
irst of these methods utilizes a split ma- 
chine which is clamped around the pipe. 
One or more tool bits of the partingtool 
type travel around the pipe, cutting the 
metal with a straight even cut. 


_The second method utilizes a pipe-cut- 
ting machine which travels around the pipe 
on a track of chain. The power unit, which 
is either an air or an electric motor, is 
connected through a gear box to a rotary 
saw which travels around the pipe, re- 
moving the metal with a straight even cut. 
The third method utilizes the electric 
arc-welding machine, which produces good 
cutting results by the use of a negative 
Polarity rod in straight polarity. It is neces- 





UPRATING DISTRIBUTION SYSTEMS BY 
CLEANING AND CEMENT LINING 


By J. A. FRANK 


Engineer, National Water Main Cleaning Co., New York, N.Y. 


sary to have a high output machine and a 
special technic is required of the welder 
handling the electrode. Under proper con- 
ditions this method can be very rapid and 
result in an even true cut. 

The development and utilization of these 
three methods of cutting have resulted in 
speeding up the work of cleaning, and the 
even cuts made possible by them permit 
the use of the nipples taken out of the pipe, 
thus reducing costs for material on the 
job. 

The installation of the pipe cleaning tool 
into the main has long been a laborious and 
time-consuming job. In recent years, meth- 
ods have been developed for inserting the 
cleaning tool so that comparatively it now 
takes only a few minutes. 

Present-day pipeline fittings serve as an- 
other means of speeding up cleaning. By 
the use of mechanical-type~couplings, such 
as Dresser, Skinner or Simplex, coupling 
up of the pipe after the cleaning machine 
has been inserted now requires only a few 
minutes, as compared with the practice of 
yesteryear which sometimes consumed 
hours. 

Another factor in speeding up the clean- 
ing process has been the accumulation and 
compilation of data on the required flow 
and pressure to propel the cleaning ma- 
chine at the most effective speed of travel 
through the line. It is now possible to pre- 
dict with reasonable certainty what pres- 
sures and quantities of water are going to 
be required to propel the machine and the 
approximate speed at which it will travel. 
With this knowledge, the work can be 
scheduled and laid out so that many form- 
er uncertainties no longer exist. 

One of the most recent developments in 
connection with water main cleaning is the 
use of the two-way radio for communica- 
ting from point to point and controlling 
the job. In the cleaning of large mains in 
distribution systems we are faced with the 
problem of the disposal of large quantities 
of pipe cleaning water in heavily populated 
districts. The use of the two-way radio 
insures shut-offs before any damage can 
be done in the event of any failure of 
facilities to carry off the water. 


Some Graphic Comparisons of 
Main Conditions 

Figures 1 and 2 constitute curves which 
illustrate the effect of the roughness of 
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Fig. 2—-Curves Revealing Loss of Effective 

Pipe Diameter as Tuberculation Increases 

—Likewise Recovery of Line Capacity 
Through Main Cleaning. 


pipe interiors on carrying capacity. Some 
average coefficient for new pipe had to be 
assumed and in these curves the Hazen- 
Williams C value of 130 has been assumed 
for pipe 16 to 48 in. in diameter, and 120 
for smaller diameters. 

Figure 1 covers pipe in the sizes from 
16 to 48 in. To read the uprating of a 
pipeline by cleaning, note that a 48-in. line 
with a coefficient as high as 115 has an 
effective diameter of 46 in. only. That 2 in. 
diameter loss represents a sizeable non- 
yielding investment in the 48-in. pipe that 
has but 46-in. service value. In this size 
pipe, cleaning would restore the main to 
130 and the effective diameter to 48 in. 

Figure 2 covers pipe from 4 to 14 in. 
diameter. A 14-in. pipe with coefficient of 
80 would have an effective diameter of 12 
in. only. In carrying capacity the loss is | 
considerably greater, however, than the 
14.3 per cent loss in effective diameter. 
By cleaning, this effective diameter can be 
increased to 14 in. 

As an example of successful restoration 
of an old line to satisfactory carrying ca- 
pacity, a record of operation in Trenton, 
N. J., will be reviewed. 
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Fig. 3—Plan of Trenton, N. J., Mains Cleaned and Cement Lined. ; 
(Stations of entry and egress of cleaning machine and lining apparatus are indicated.) 
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Main Rehabilitation in New Jersey 


Water for the city of Trenton is ob- 
tained from the Delaware River. An in- 
take, built out into the river, supplies water 
to the suction side of low-lift pumps, 
whence it is pumped to the filter plant and 
there treated. The treated water flows by 
gravity to the suction side of high-lift 
pumps and is then carried through two 
ascending mains to the service reservoir 
which has a capacity of approximately 60 
mil. gal. One of these ascending mains is 
a 48-in. lock-bar laid in 1907. The other 
ascending main is a 36-in. cast-iron bell- 
and-spigot laid in 1870. Figure 3 shows 
the plan of these two lines. 

During the summer of 1940 it was de- 
cided to appraise these lines, determine 
their condition and lay out a suitable plan 
to insure their life. Since the lock-bar line 
was made of plate only 5/16 in. thick and, 
because access manholes were available, it 
was decided that this should be inspected 
first. Accordingly the line was shut off 
and dewatered. A manhole cover was re- 
moved and an access plate taken off so 
that it was possible to enter the main and 
inspect it. It was found that the line was 
in remarkably good condition considering 
its length of service. Very little tubercula- 
tion and no incrustation were present. The 
original coating had been an excellent job, 
but in numerous places it was completely 
gone and the bare steel was exposed. At 
the points where the steel was exposed, 
evidences of deterioration could be seen. 
After inspection the access plate was bolted 
up and the line restored to service. 

Since the 36-in. ascending main had no 
access openings, inspection would have 
been extremely expensive. Therefore, tests 
were made on Aug. 29, 1940, to determine 
the coefficient of each line. The 48-in. 
lock-bar was found to have a coefficient of 


108. The 36-in. cast-iron line was found 
to have a coefficient of 66. During the 
fall of 1940, plans were made for the 


rehabilitation of these two lines and in the 
spring of 1941 work was started which 
would eventually result in cement lining in 
both these lines in situ by a centrifugal 
process. It was decided to clean and 
cement-line the 48-in. line first and, after 
this was back in service, to clean and 
cement-line the 36-in. line. 


Cleaning and Lining a 48-in. Line 


In cleaning a steel line of this size there 
are a number of factors which must be 
considered, and planning and scheduling 
must anticipate these problems. 

Because of surges which may occur dur- 
ing cleaning, with resulting negative pres- 
sures, it is imperative that air vents ca- 
pable of handling large quantities of air 
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Air Vents Installed on Trenton Steel Mains. 


be installed. These air vents, or vacuum 
breakers, preclude the possibility of col- 
lapsing the pipe when, for any reason, a 
vacuum occurs in the line. Figure 4 shows 
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STEPS IN PREPARING LOCK-BAR FOR DRESSERS 


Fig. 5—Steps in the Preparation of Lock- 
Bar Pipe for Dresser Couplings. 


the air vents which were designed and 
installed for this purpose. 

As can be seen in the figure, the installa- 
tion of such an air vent is rather simple. 
Using the plate of the air vent as a tem- 
plate, the welder cuts around all four sides 
of the plate after having set the plate so 
that its center line is on the vertical axis 
at the top of the pipe. The plate cut out is 
then removed and the hole in the pipe 
trimmed up. Then the frame for the vent 
is centered up over this hole and a heavy 
bead placed all around the frame on the 
outside. The gasket is then installed, the 
plate part of the vent lowered into the pipe 
and wedged up until ready for use. 

The cleaning of the 48-in. lock-bar en- 
tailed the installation of two such vents; 
one in the nipple where the machine was 
introduced and the other at a point where 
access was had to determine whether or 
not there were stays in the line. 

The vents gave two orifices at high 
points in the line, rectangular in cross- 
sections, 18x24 in., through which air could 
enter the line, and obviated all danger of 
collapsing the pipe. 

Another danger in cleaning a line of 
this size is in allowing the machine to 
come out of the pipe, particularly on a 





down-hill shot. This danger obtains 
cause of the piston effect of the machi 
Should it be allowed to emerge com : 
. Pletel 
the sudden drop in water pressure in 
line could conceivably cause the Pipe to the 
lapse. There is also the danger of spilling 
the tremendous quantities of water thr h 
the unobstructed pipe. To prevent this 
was necessary to build a very strong bulk. 
head in the hole where the machine was : 
make its exit, so that only part of the ma 
chine should leave the pipe and the piston, 
like skirt remain in the main, thereby an 
ing the water to drain out of the line ped 
paratively slowly. Plans for these bulk 
heads were made before the work started 

One of the problems to be considered in 
this job was the coupling up of lock-bar 
pipe. It was decided to use Dresser cou- 
plings for coupling up the nipples cut out 
for the entrance and exit of the Cleaning 
and lining machines. Figure 5 shows the 
steps in the preparation of the pipe. 

To prepare the pipe for the use of Dres. 
ser couplings it was necessary to cut off the 
outside of the lock-bar. The method used 
was to run two electric arc fillets along the 
inside joint of the lock-bars, both top and 
bottom, for a distance of 20 in. at both ends 
of the nipple. The lock bar was then yp. 
dercut on the outside as shown in Fig, 5 
and a fillet thrown on the outside which 
was finished off with a portable grinder. 
thus presenting a smooth surface on which 
the gaskets of the Dresser couplings could 
make a good seal. As can be seen from 
Fig. 5, the electric arc weld on the inside 
runs back for 20 in. and the cut of the 
lock-bar on the outside extends only 15 jn, 
This overlap obviated any danger of a leak 
at this point. The lock-bars on the pipe 
projecting into the hole in the ground were 
treated in the same way except that the 
fillet on the inside was extended back only 
12 in. and the cut on the outside 8 in. The 
Dresser couplings used had a width of 15 in, 
so that by nlacing the couplings on the nip- 
ple and dropping the nipple into place, then 
sliding the couplings over the pipe project- 
ing into the hole, it was possible to center 
the Dresser sleeves over the cuts in the 
pipe. 

An important step in planning such work 
is the selection of entrance and exit points 
for the cleaning machine. The exit point 


is particularly important because here it 
will be necessary to dispose of large quan- 











Fig. 6—Centriline Pipe Lining Machine # 
36-in. Main. 
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36-in. Line of Trenton Before 
Cleaning. 


Fig. / 


tities of water. After a careful study the 
points were selected and the planning phase 
f the job was completed. 

Work was started on June 2, 1941. Three 
excavations were made for the cleaning, 
which involved shooting a cleaning tool by 
water pressure from the reservoir back to 
the pump station. An excavation, as close 
to the reservoir as possible without undue 
interference with the fittings, valves, etc., 
was made on the 48-in. line. This excava- 
tion was 12 ft. long, 8 ft. wide and 10 ft. 
deep, which left 2 ft. of working room all 
around and under the pipe. In Fig. 3 this 
excavation is shown at (A) on the plan. 
So that the large quantity of water dis- 
charged during cleaning could best be han- 
fled and emptied into the Delaware River, 
the exit excavation was made 100 ft. back 
from the gate at the pump house. This ex- 
avation was made at (B) on the plan. It 
was 12 ft. long, 8 ft. wide and approxi- 
mately 10 ft. deep. The 2 ft. of working 
room around the pipe, which had been the 
jective, was interfered with in two 
places. At one point an 8-in. service main 
running from the pump house to the filter 
plant projected into the hole; on the other 
side a 60-in. concrete sewer cut down on 
the working room. This hole was “tight- 
sheeted,” using 3x10 tongue and groove 
sheeting. On the side of the excavation 
nearest the river the sheeting was cut low 
and a flume fitted into the notch thus made. 
\ flume 50 in. wide, 25 in. high and ap- 














rig. 9 Main 


Lock-Bar 


Barrel of 48-in. 





After Cleaning. 


proximately 250 ft. long was constructed to 
convey the water overflowing through the 
notch in the sheeting into the Delaware 
River. Every effort was made to see that 
all preliminary work was completed before 
taking the line out of service so that the 
length of time the water was pumped 
through a single line—and the consequent 
higher pumping costs—would be held to a 
minimum. 

After all preparations had been made, 
the 48-in. lock-bar main was taken out of 
service on June 11. The line was shut off 
and the air valves checked to make sure 
they were in working order. A blowoff at 
a low point was opened and the line de- 
watered slowly to avoid the danger of pull- 
ing a vacuum and collapsing this steep 
pipe. The dewatering process took from 
noon on June 11 until 8 a.m. on June 12. 

Using the oxyacetylene torch, a nipple 
6 ft. 6 in. long was cut out of the 48-in. 
pipe at (A). Actually three cuts were 
made as 1 in. was cut off the nipple so that 
it could be easily put back into the main by 
using Dresser couplings. The nipple was 
lifted out of the ditch so that one of the 
automatic air vents (Fig. 4) could be in- 
stalled; the cleaning tool was then jacked 
into the nipple and the lock-bar prepared 
for Dresser couplings, as illustrated in Fig. 
5. The nipple, with the machine in it, was 
dropped into place in the line and coupled 
up with Dresser couplings. 

A nipple was cut out at the exit hole and 
a bulkhead built to prevent the complete 
emergence of the cleaning machine and all 
was ready. 

Through the co-operation of the Trenton 
police it was possible to secure the services 
of two two-way radio cars to facilitate the 
control operations. This was accomplished 
by leaving one radio car at the control 
valve so that the operator could immedi- 
ately relay any instructions to the valve 
crew. The other radio car was used in 
following the machine so that it was pos- 
sible at all times to increase or decrease the 
flow behind the machine. 


Machine Speed Control Important 


When all was in readiness, the valve was 
slowly opened behind the machine until the 
pressure reached approximately 8 lb. The 
machine started off and proceeded at a slow 
rate through the pipe. The last 2,000 ft. of 
this line have a very sharp down-grade. As 
soon as the top of the grade was reached, 
the large quantity of water contained in 
the 5,000 ft. of pipe behind the machine 
was converted into head and, as the pres- 
sure increased, the speed of the machine 
increased so that its travel through the 
last 1,500 ft. was very rapid. During the 
shot it was found that with a pressure of 
approximately 8 Ib. behind the machine, 
water at a 22-mgd. rate was consumed. 

An inspection of the pipeline after this 
shot showed that, at the beginning of the 
line where the progress of the machine had 
been slow, the cleaning was a thorough job, 
but that the last 1,500 ft. of the shot had 
not given a very good cleaning job due to 
the rapidity with which the machine had 
traveled through this section of pipe. It 
was decided to shoot the machine again to 
see if it would be possible, by shutting off 
the water before the down-grade was 
reached, to control the speed of the machine 
so that a more thorough job of cleaning 
could be accomplished. This was attempted 
on June 20, 1941, but it was impossible to 
hold down the speed of the machine to a 
desirable point. 


Two-Way Cleaning Proves Meritorious 


It was then decided to shoot the machine 
uphill, that is, from hole (B) (in Fig. 3) 
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Fig. 8—A Section from the 36-in. Steel 
Main Reveals the Urgent Need for Some 
Form of Rehabilitation. 


toward hole (A), using the pumps at the 
pump station as a source of pressure. This 
necessitated the “tight-sheeting” of the hole 
at (A) and the building of a rugged bulk- 
head at this point so that the machine 
would not come all the way out of the pipe 
with a resulting surge of water. 

The fact that the point where the wash 
water was to be disposed of was in a rather 
heavily populated district presented another 
problem in shooting uphill. It was neces- 
sary, therefore, to make a survey of the 
sewer system in the area to determine how 
to dispose of the large quantity of water 
which would be discharged during the shot. 
The problem was solved by sandbagging 
along the curbs of the streets and distrib- 
uting the load over a number of large 
storm sewers. When all of the preparatory 
work was completed the machine was shot 
uphill and, in this process, it was possible 
to control its speed very accurately, using 
the radio cars as a means of communica- 
tion with the pump house. 

After this uphill shot the line was found 
to be properly cleaned and was ready for 
the cement lining. 


Lining Operations 


The 48-in. cement-lining machine is pow- 
ered by an electric motor and travels 
through the pipe, applying the mortar cen- 
trifugally as it travels. It is followed by 
adjustable rotary trowels. Current for the 
motor is supplied through a cable which 
is run inside the pipe back to a mobile al- 
ternator. As the lining machine travels 
back through the pipe, the cable is pulled 
toward the alternator and wound up on a 
reel, 

The cement mortar is mixed in a mobile 














Fig. 10—The Completed Job on the 48-in 
Main—ard Good Now for at Least 50 Years 
More, with Sustained Delivery Capacity. 
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wet batching machine. The mortar is 
dropped through the chute at the hopper 
and into rubber-tired buggies placed below 
it inside the pipe. The buggy, full of mor- 
tar, is pushed to the lining-machine, the 
mortar transferred to the hopper of the 
lining-machine and the buggy returned for 
another load of mortar. 

Figure 3 shows how the lining machine 
was inserted in the pipe at the hole near 
the filter plant and run back toward the 
pump station. The batching machine and 
the alternator were located at this hole and 
the pipe was lined from the gate at the 
pump house back to the hole. The batcher 
and the alternator were moved to the first 
access hole, the nipple dropped into place, 
coupled up and the machine placed the lin- 
ing right through the nipple. 

Because of the mortar transportation 
problem it was necessary to have small 
holes about every 1,000 ft. so that the wet- 
mix concrete could be dumped through a 
chute into buggies on the inside of the main 
at these points, and transported for shorter 
distance to the lining-machine itself. It 
will be seen on the plan that there were a 
number of small excavations where this 
was done. After the lining was completed, 
the manholes were bolted back and the lin- 
ing was made one continuous cylinder right 
past these access manholes. 

When the exit hole at the far end was 
reached, the machine was turned around 
and sent up into the pipe at the far end. 
The pipe was lined back to the hole, the 
lining machine lifted out of the hole, the 
nipple lined up on the ground, lowered into 
place and coupled up. Thus a continuous 
lining was provided from one end of the 
line to the other. 

The line was sterilized and put back in 
service on July 31. The sterilization was 
accomplished by feeding water containing 
chlorine to the extent of 60 ppm. and run- 
ning it right through into the reservoir. 
Although this water as it entered the reser- 
voir had a very high residual, there never 
was detected any increase in residual in the 
distribution system. 

With the 48-in. line back in service—it 
had been out of service only 38 working 
days—it was now possible to go ahead with 
the cleaning and cement-lining of the 36- 
in. line. 





Cleaning and Lining a 36-in. Line 


The 36-in. line was laid in 1870 and there 
was no record of some of the older con- 
nections to it. This line was shut off on 
Aug. 1, 1941, and with the 36-in. line off, 
a test was run on the 48-in. line for leak- 
age. We were unable to measure any leak- 
age in this line after cleaning and cement 
lining, although the test was run over a 
24-hour period. 

On Aug. 2 the 36-in. line was de-watered 
by running the water out through a 16-in. 
side connection. An attempt was made to 
cut the cast-iron pipe by means of the 
electric arc at the point (E) which was to 
be the entrance hole for the cleaning ma- 
chine. The attempt was not successful be- 
cause it was impossible to obtain an electric 
arc welder having a capacity larger than 
200 amp. and, for the successful cutting of 
this thickness of cast-iron, a machine of at 
least 600-amp. capacity is required. This 
nipple was finally cut out using an oxy- 
acetylene cutting torch of special design 
and the results obtained with this method 
of cutting were very good, as were the re- 
sults of the cutting at the exit hole (F). 

The 36-in. cleaning machine was placed 
in the nipple which had been cut at (E) in 


Fig. 3 and, on the night of Aug. 5, when 


everything was in readiness, the shot was 
made. 

In the course of this shot the machine 
negotiated two short-radius 90-deg. bends. 
Examination of the pipe showed that a 
very good job of cleaning had been done 
but that an additional shot would be neces- 
sary to attain the smooth condition needed 
for a good cement lining job. 

A second shot was made during the night 
of Aug. 6 and examination of the pipe 
after this shot showed that an excellent job 
of cleaning had been done and that the pipe 
was ready for cement lining. 

Fig. 6 shows the 36-in. lining machine 
operating within the main. 

Access for cement lining was had at a 
number of points indicated on the plan 
(Fig. 3), and manholes were fabricated by 
drilling a series of holes making a circular 
piece which could be broken out of the top 
of the pipe. A saddle was then fastened to 
the pipe and a cast-iron plate fastened in 
this saddle. No particular difficulties were 
experienced during the lining of the 36-in. 





pipe and the work was complet 

21, 1941. The line was serllecs ai 
same quantities of chlorine and Procedure 
employed on the 48-in. line. 


Results 


A test for capacity and coeffici 
made on these two lines Ann dee hae 
years later. The 48-in. line was found . 
have a coefficient of 144 and the 36-in, tin 
a value of 135, as compared with 108 and 
66, respectively, before  rehabilitati 
These coefficients are corrected for the 4 
duction in area due to the thickness of thy 
cement lining. . 

The reduced friction loss results in cop 
siderable power saving, amounting to from 
15 to 17 per cent. 

Fig. 7 shows the 36-in. line before clean. 
ing. Note the flow-impeding tuberculation 

Fig. 8 shows the condition of a portion 
of the steel main discovered during the fin. 
ing process. It can readily be seen that the 
corroded and pitted condition was serioys 
and would soon have led to trouble. 

Fig. 9 shows a section of the 48-in. main 
after two-way cleaning and ready for ce. 
ment lining. 

Fig. 10 is a view of the same line after 
lining. The lining is extremely smooth, 
The illusion of rings or large circumferen. 
tial corrugations is a light reflection phe. 
nomena. 

Another result of the cement lining js 
that the old lines have been made bottle. 
tight. In the five-year period preceding the 
cement lining of these two mains, leakages 
bad enough to need repair were found on 
the average of eight times per year. Since 
the completion of this work in 1941 not one 
leak has been discovered on the 48-in. line. 
In addition, a test run on the 48-in. and 
36-in. lines together showed a leakage s0 
small that it is practically impossible to 
measure it. 

The job has been of great benefit since 
costly repairs, which would have been nec- 
essary, have been obviated. The two lines 
are bottle-tight and the friction loss has 
been reduced so that pumping costs are 
held to the value for new pipe. 

Another advantage, which is difficult to 
evaluate, is that the life of the failing lock- 
bar line has been increased at least 50 
years. This, in itself, is worth many times 
the cost of the cleaning and cement lining. 





Metrie’ Conversion Table 


Millimeters X .039 inche 

Millimeters 25.4 inches. 

Centimeters X .3937 inches, 
Centimeters 2.54 inche 

Meters X 39.37 inches (Act of Congress) 
Meters * 3.281 feet. 

Meters X 1.094 yard 

Kilometers X .621 miles, 

Kilometers 1.6093 miles, 

Kilometers X 3280.8693 feet 

Square Millimeters X .00155 sq. inches. 
Square Nillimeters = 645.1 sq. inches. 
Square Centimeters X .155 sq. inches. 
Square Centimeters 6.451 = sq. inches. 
Square Meters X 10.764 sq. feet. 

Square Kilometers X 247.1 = acres 
Hectare X 2.471 acres 

Cubic Centimeters 16.383 cubic inches. 
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Cubic Centimeters 3.69 fl. drams (U.S. P.) 
Cubic Centimeters + 29.57 fluid ounces (U.S.P.). 
Cubic Meters X 35.315 cubic feet. 

Cubic Meters X 1.308 cubic yards. 

Cubic Meters X 264.2 = gallons (231. cubic inches). 
Liters X 61.022 = cu. in. (Act of Congress). 

Liters X 33.84 = fluid ounces (U.S. P.) 

Liters K .2642 = gallons (231. cu. in.). 

Liters + 3.78 = gallons (231. cu. in.). 

Liters =~ 28.316 = cubic feet. 


Hectoliter$ X 3.531 = cubic feet. 

Hectoliters X 2.84 = bushels (2150.42 cu. in.). 
Hectoliters X .131 = cubic yards. 

Hectoliters + 26.42 = gallons (231. cu. in.). 
Grams X 15.432°= grains (Act of Congress). 
Grams + 981. = 

+ 29.57 = fluid ounces. 


dynes. 
Grams (water) 
28.35 


Grams + ounces avoirdupois. 


Grams per Cu. Cent. + 27.7 = Ibs. per cubie inch. 
Joule X .7373 = foot pounds. 

Kilograms X 2.2046 = pounds. 

Kilograms X 35.3 = oz. avoirdupois. 

Kilograms + 907.2 = tons (2,000 Ibs.) 
Kilograms per Sq. Cent. X kt.223 = Ibs. per sq. in, 
Kilogram-weters X 7.233 = foot Ibs. 

Kilograms per Meter X .672 = Ibs. per foot. 
Kilograms per Cu. Meter X .062 = Ibs. per cubic foot. 
Tonneau X 1.1023 = tons (2,000 Ibs.). 
Kilowatts X 1.34 = Horse Power. 

Watts + 746. = Horse Power. 

Watts X .7373 = foot pounds per second. 
Calorie X 3.968 = B.t.u. 

Cheval vapeur + .9863 = Horse Power. 
(Centigrade X 1.8) + 32 = degrees Fahr. 
Gravity Paris = 980.94 centimeters per sec. 
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COMPRESSED AIR FLUSHING OF SMALL MAINS 
By R. F. BROWN 


Plant Manager, California Water Service Co., Stockton, California 


ANY water systems in the older California towns, like 

Topsy, just grew without any suggestion of planning for 
ihe future. Stockton was no exception. As a consequence we 
found ourselves with a great many 2-inch lines in the thinly 
populated areas. 

We have for many years followed the practice of flushing 
small mains and all dead ends regularly by opening fire hydrants 
nf flusher valves and simply allowing the water to flow from 
he main under normal pressure of 45 pounds until the main is 
apparently clear. Under this program all dead ends and all 
qnall mains are given ordinary flushing, approximately at inter- 
vals of every two months. 


This method, however, does nothing but freshen the water in 
he dead ends and small mains. In order to effect a more lasting 
cre for taste and odor complaints, we decided to try boosting 
the pressure in the main with air to attempt to break loose more 
of the troublesome algae and other deposited material that at- 
aches to the pipe wall. All of our dead ends, regardless of size, 
and at least every other block of our 2-inch lines bave what we 
all fusher-risers installed for the convenience of our periodical 
fushing program—see sketch. 














£ Street Paving ye Plug 

§ 

/ ® 

/ 5 
w & / 35 
 . 
9 § 
= N @ 3 
r it) 

71@ 5 

§ 


Riser CONNECTION TO 2” Main FoR FLUSHING 


pose and it is economical, because the equipment required is only 
a portable air compressor and an air storage tank to provide a 
volume of air under pressure. No expensive cutting of mains or 


A Self-Told Story 





First 90 Lb. Air Shot. 
(Note Extension Attached 
to Flushing-Riser) 


Ai Lines Connected (This 
Time Through House Serv- 
ice at Curb Line) 


Air Flushing Operations 


Compressed air is put into the line through a service connection 
midway between two flusher-risers after we have first closed the 
shut-off valves on the intervening services. The valve on the 
fusher-riser is then opened. All water in the line is forced out 
through the riser, by air under 90 pounds pressure. As soon as 
the air has expelled all the water from the line it is shut off and 
water under our ordinary pressure is ruu through the line to 
sweep out, through the MF np wel all particles of scale, sand 
or foreign matter that have been loosened by the air “shooting.” 
Ne proceed in this manner alternately. turning into the line air 
under 90 pounds pressure and water at 45 pounds until the flush- 
ing water leaving the risers no longer carries with it any scale 





or other foreign matter. 
This system is apparently successful in accomplishing our pur- 





First 45 Lb. Water Flush. 
(No Argument About Need 
to Eye or Nose) 


Clear Water (Shooting and 
Flush Repeated As Indi- 
cated) 


pavement is required and most jobs can be handled with a three- 
man crew. 

When we first started this system we cleaned 40,000 feet of 
line, mostly 2-inch, over a period of two months. The cost was 
from 60 to 90 cts. per hundred feet, depending upon the number 
of services which had to be shut off and turned on again. 

The success of this method of flushing is measured by the 
almost complete absence of the usual recurring taste and odor 
complaints from consumers served by mains thus treated. It is 
problematical how soon we will have to repeat this treatment, 
because from no consumer on the first line so treated has there 
yet developed a recurrence of complaints. 

A secondary result, not anticipated, is the increase in carrying 
capacity of the 2-inch lines brought about by the loosening and 
blowing out of a great deal of scale. Thus has resulted a reduc- 
tion in complaints of poor pressure as well as the taste and odor 
complaints. 
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Albany Chicago 


Atlanta Cleveland 
Boston Columbus 
Bridgeport Dallas 
Buffalo Denver 
Charlotte Detroit 


Wallace & Tiernan Ltd., Toronto, 


WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Ammonia Control Apparatus, 


Dry Chemical Feed Devices, Etc. 
Newark 1, New Jersey 


Greensboro 
Houston 


“THE ONLY SAFE WATER IS A STERILIZED WATER” 


REPRESENTED IN 


Indianapolis 
Jacksonville 
Kansas City 


Canada 


Wallace & Tiernan Ltd., Winnipeg, Canada 


Knoxville Oklahoma City 
Lexington Philadelphia 
Los Angeles Pittsburgh 
Lubbock Portland, Ore. 
Minneapolis Roanoke 


San 

Seattle 

St. Louis 
Syracuse 
Washington, p, ¢, 


Wallace & Tiernan Ltd., Montreal Canada 
Wallace & Tiernan Ltd., London, England 





TYPE MASV 
AUTOMATIC SOLUTION FEED 


Where unusual or extreme fluc- 
tuations in water or sewage flow 
are encountered, the Type MASV 
meets the chlorination require- 
ments. It embodies all the advan- 
tages of automatic proportioning 
of chlorine feed, and automatic 
starting and stopping with the out- 
standing features of the Visible 
Vacuum Control Chlorinator — 
rugged construction, simplicity of 
operation and low maintenance 


costs. 


















W&T Hypochlorinator 


VISIBLE VACUUM CHLORINATOR 
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FREE RESIDUAL CHLORINATION 


Recent developments in water works practice show 
that bacteria practically cease to exist where Free Resi- 
dual Chlorination, as accomplished by the Break-Point 
Process, is employed. Such chlorination assures the 
production of free available chlorine residuals which 
have a high killing potential. In many plants bacterial 
control by the Break-Point Process has been augmented 
with additional benefits such as improved coagulation, 
increased color removal, elimination of algal conditions, 
reduced chemical costs and increased length of filter 
runs with a resultant saving in wash water. 


Visible 


Type MASV Automatic 





Vacuum 


Chlorinator 


THE W&T HYPOCHLORINATOR 





Chlorination of small water supplies involves prob- 
lems which the W&T Hypochlorinator is especially de- 
signed to meet. This equipment feeds either calcium or 





——, 


sodium hypochloride in solution form and is furnished 


in three types. 


The Electrically Operated type is particularly usefy! 
for small pumped water supplies. Since water pressure 
furnishes the major part of the operating power, the 
cost of electricity is but a few cents a day. Automatic 
Water Operated Hypochlorinators automatically pro- 
portion the ehlorine solution to the flow of water and 
are especially adapted to small gravity water supplies 


with wide variations in flow. 


The Belt Driven unit is a sturdy, dependable unit for 
use where electric power is not available or where op- 


eration is to be synchronized with 
pumping equipment driven by gasoline 
engine or other similar motive power. 


TYPE MDPA 
DIRECT FEED AMMONIATOR 


A self-contained unit specially adapt- 
ed to handling ammonia gas, embody- 
ing the same sound principles of design 
and construction exemplified in W&T 
Chlorinators. Rugged, accurate and 
dependable. 





W&T Dry Chemical 
Feeder 


CONVENIENCE 


W&T is represented in each of the 


ie. 
‘ 


Type MDPA 
Ammoniator 


DRY CHEMICAL FEEDERS 


For the application of dry 
chemicals, Wallace & Tiernan of- 
fers a complete line of feeding 
equipment. The Types MO, 
MOF and MOI Dry Feeders in- 
clude such advantages as positive 
agitation, easy calibration and ac 
curate feed over ranges of from 
0.5 to 200 pounds per hour, de- 
pending upon the chemical used. 


36 cities listed 


above by chlorination specialists to assist in selecting 
proper equipment for any chlorination problem. Their 


recommendations involve no obligation. 


Current literature on the many phases of chlorination, 
ammoniation and dry chemical feeding is available on 


request. 
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CHECKING TUBERCULATION BY CHLORAMINE TREATMENT 


By J. WALTER ACKERMAN* 
Water Production Div., War Production Board, Washington, D. C. 







































a Records in the office indicate that in 1917 this line was ex- 
. ° o ” my : “aon ¢ 
The results from the ammonia-chlorine treatment in sup- amined by Metcalf & Eddy, Engineers, and the value of “C” in 
é 4 ° , age ° ‘ the Hazen-Williams formula was found to be 109. On July 5, 
sing tuberculation of the 12-mile cast-iron supply main ( “gn c Meg toed 
presst! : + Ps, ke . sie 1921, “C” had dropped to 95, and in November of the same year 
Utica, N. Y., constitute a new chapter in corrosion control . 
ate Lo ge tt Boe capacity values of water mains it had dropped further to 93.5. It later became necessary to clean 
"ape agape ede . a ae this line and the National Water Main Cleaning Company was 
When Mr. Ackerman first reported his observations in- engaged for this purpose and cleaned it on October 5, 1922 
formally before the American Water Works Association in age wh eictaie ; ; ; 
.D 1934, he considered the findings both interesting and indica- Table A shows the number of times the main has been cleaned 
_—— ve, rather than conclusive. Amongst his audience were since that date and the various “C” values before and after 
many skeplics. A year later sufficient supporting data had cleaning. 
been accumulated by him to warrant a further informal 
report before the same association. Now, still a year later, TABLE A 
— the results are more than ever convincing. It was with thtis 
in mind that WATER Works AND SEWERAGE asked Mr. Months 
nished Ackerman to present to its readers his data-graphs and the Since 
accompanying report of the continuing effectiveness of the Date Previous Reservoir —Deiivery— a x 
reatment which maintains sterile conditions throughout Cleaned Cleaning Elevation Before After Before After 
: the 12-mile main.—Editor. 1199.9 Oct. ’22 Oct.’22 June '22 Oct. 8, ’22 
1setyl Oct. 5, 1922 11999 8&5 12.3 90 131 
ssure = 1192.3 Mar. ’24 May '22 
, . + sae ; Apr. 1, 1924 18 1226.1 10.3 13.2 109 136 
‘; the The Consolidated Water Co. of Utica, N. Y., constructed in ° 1211.8 Aug. ’25 Oct. ’25 
matic 1906 a single 24-inch cast iron water main for transmission pur- Aug.27, 1925 17 1220.4 10.5 139 106 142 
pro- ses to bring water from the West Canada Creek at Hinckley, 1222.7 Apr.’27 June ’27 
r and N. Y., to Marcy Summit, a distance of 12.1 miles, for the pur- May 4, 1927 20 1223.1 10.1 14.2 103 144 
pplies pose of supplying the city of Utica with water from this source 1223.7 July ’29 Sept. ’29 
a n addition to that already supplied from the southern group of Aug. 6, 1929 27 1215.6 10.0 13.8 102 142 
reservoirs. This supplied sufficient water for use in the city ; 1193.3 Nov. ’30 Mar. ’31 Nov. ’30 Sept. ’31 
oe mtil 1922, when the use had increased and delivery of this line Jan. 3, 1931 17 1249.7 102 14.6 109 133 
it lor nad diminished to a point where it was only delivering about 1223.6 May ’33 July’33 Apr.’33 July ’33 
€ Op- 85 M.G.D. June 16, 1933 29 1273.8 10.3 14.0 106 136 
a oma 7 4 4 
S tGeneral Superintendent, Consolidated Water Co., Utica, N. Y., 1276.4 Apr.2,'34 Apr.12, 34 
when this article was written. Apr. 8, 1934 10 1226.1 11.9 13.7 111 144 
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Graph Showing Effectiveness of Ammonia-Chlorine Treatment in Sustaining the Carrying Capacity of a Cleaned CI. Main 12.1 
Miles in Length. Compare the Friction Coefficient Curve for 1930 and 1934 with that for 1934-1938 
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Until December, 1933, this 24-inch line had carried nothing but 
untreated water, chlorination being carried out at the local dis- 
tributing reservoirs. In December, 1933, chlorine-ammonia treat- 
ment of the water was started at Hinckley, and the “C” value at 
the time the treatment began was 105. In April, 1934, just prior 
to the last cleaning, a measurement of “C” showed a value of 111, 
an apparent improvement of about 6 p.c. in carrying capacity 
after the four months of treatment by chloramines, without 
cleaning. 

The last cleaning of this line was done as noted on April 8, 
1934, and the “C” value was raised from 111 to 144. No mechan- 
ical cleaning has been done since that date, but the line has been 
continuously treated with chloramines to the present time. 

The graph accompanying this article shows the variations in the 
level of the water in the Hinckley Reservoir, which varies the 
head on this pipe line and consequently varies the flow due to 
this change in head. It shows the monthly average flow in each 
month from 1922 to date, also the chlorine application and the re- 
sultant “C” value before and since the application of the ammonia- 
chlorine treatment. The results seemingly speak for themselves. 


Method of Checking "C" Value 


Just a word as to the method of checking this “C” value. Care- 
ful and rechecked determinations of reference level points at each 
end of the 12.1 miles of pipe have been made. Consequently, 
physical observations of the water level in the standpipe at one 
end of the line and the water level at Hinckley Dam at the 
other end give the actual slope. The amount of flow is deter- 
mined by a venturi meter, but at no time has the value of the 
amount of flow been accepted except after being checked by ma- 
nometer or pitot tube, and, in fact, a number of these deter- 
minations are made either by the manometer on the venturi tube 
or the pitot tube near this same place. Therefore there are some 
slight variations in the determining of the “C” value of the pe- 
riod from April, 1934, to the present time. While there appears to 
be somewhat of a downward trend, it is so small as to be almost 
negligible, as, of course, the different methods of computing the 
flow vary about 2 to 3 per cent, according to the method used 
for this determination, which is as close as can be expected for 
equipment of this nature. 


The Marcy standpipe, which is at the lower end of the 
miles of 24-inch pipe in question, is 2.3 miles from Marcy 
voir, where the actual chlorine residual is taken, as the 
standpipe is in a more or less inaccessible location a part of 
year. The residual obtained and shown on the chart ; 
therefore, than the actual residual at the end of the 12] 
of 24-inch pipe, as the chlorine demand in the 2.3 miles to 
Reservoir is considerable in this uncleaned and badly ty 
lated section of pipe, which we believe is gradually being cl 
by the action of the chloramines. Fs eaned 


Addenda—|! 937-1938 


The above article was prepared in April, 1936. From Mr 
Ackerman comes the following advice and a new graph which 
carries forward the flow and friction data into 1938, althou 
the graph carries the original date—April 21, 1936. The author 
explains that the data are checked by frequent readings taken 
from a checking manometer on the venturi tube, and the yse of 
a Cole rod and Lanham rod. These check readings have shown a 
difference of but 1 to 3 points in obtaining “C” values of 134 to 
142 in the Utica situation. 

Mr. Ackerman states: “It will be noted that there seems jp 
be a slight diminution of the “C” value during the past year but 
hardly enough to make very much difference in our flow, Asa 
matter of fact we are actually getting more water down nowy 
than heretofore, which, I think, is due to the fact that all of 
these figures constitute the result between the Hinckley Dam and 
our Marcy standpipe only.” 

“Below the Marcy standpipe to our reservoirs are two lines 
of pipe, one 24-inch and one a 16-inch. We know that the 16 
inch is very badly tuberculated. About three years ago a test 
was made on it and the “C” value was down to about 60. But 
since we had at least a theoretical capacity greater than the line 
above, we did not clean these two lines. We do find now that 
the water does not stand as high in our standpipe with the same 
dam elevation at Hinckley as heretofore, which rather indicates 
that the chloramines have been gradually cleaning the 16 and 24 
inch lines below the Marcy standpipe.” 

“These are just some added points to give you a better under- 
standing of the problem.” 





CORROSIVITY INDICATOR 


HE accompanying sketch pictures a very effective piece of equipment devised 

and employed by Hall Laboratores, Inc., to study and demonstrate the efficacy 
of various treatments applied to waters for corrosion or scaling control. 

The scheme involves passage of the water under treatment, for comparison, 
The effluents leaving the wool contact 


upwards through clean, bright steel-wool. 
chamber drip through clean glass beads. 


The rapidity and relative intensity with which the steel rusts and the beads become 
iron-stained constitute a convincing semi-quantitative index of corrosivity. For greater 
exactness in comparison samples of effluent from the steel corrosive chamber are 


analyzed for iron, oxygen, etc. 


It is evident that this apparatus can be employed with lead wool, copper-sponge, 
A battery of as many units as 
required may be set up. The device has considerable resemblance to the Enslow 


etc., to study action on these and other materials. 


Continuous Stability Indicator. 


yyy 
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. CHEMCO Zeolite Water Softening 

nits are built to any specifications 
for any required capacity from the 
mallest home to industrial, mu- 
icipal or institutional installa- 
lions, Outstanding for simplicity, 
high efficiency, long life and fool- 
proof operation. Water of special 
haracteristics for special purpose 
may be obtained through the use 
{ CHEMCO engineered water 
cofteners. 





Main Office & Factory 
1700 N. Main St., 
P.O. Box 3098 Terminal Annex, 
Los Angeles 54, Calif. 
















_ CHEMCO ZEOLITE WATER SOFTENERS 





AGENTS IN PRINCIPAL CITIES 
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CHEMICAL EQUIPMENT 


COMPANY 
Manufacturers of 


CHEMCO CHLORINATORS AND WATER 
CONDITIONING EQUIPMENT 


CHEMCO CHLORINATORS 


Available in any size and capacity for Chlorination of 
water for, Water Works, Swimming Pools, Sewage Plants, 
etc. Rugged construction and the elimination of intricate 
mechanisms are outstanding, proven CHEMCO features, 
providing continuously economical, trouble-free service. 
Send for bulletins 300-1, 
300-3, 300-5 for com- 
plete information. 





Left—High Capacity CHEMCO 
CHLORINATOR _ installation 
for State of New York sewage 
plant. 


CHEMCO Pressure Filt- 
er installations provide 
many simplications over 
conventional type of 
commercial installation 
and are designed, fabri- 
cated and installed for 
each individual require- 
ment. Engineered for 
long, low cost service. 
Also available as wood 
tanks, pressure or grav- 
ity filters. Illustration 
at left shows large , : 
CHEMCO FILTER in- GRECO High, Casco 
 stallation for Santa Fe per 24 hours. 

© Railroad. 





Efficient and economical water 

conditioning requires highly 
~s specialized skill in the design- 
ing and construction of the 
necessary equipment. CHEM- 
CO Engineering Service has 
effected remarkable economies 
with installations throughout 
the United States and foreign 
countries. Your best assur- 
ance of satisfactory long-term 
water-conditioning service is 
to consult CHEMCO Engi- 
neers, whose quarter-century 
of experience can provide the 
answer to your water-condi- 
tioning problem. 


CHEMICAL EQUIPMENT COMPANY 


Mid-West Branch Office 911 Harrison St., 
San Francisco 7, Calif. 
205 W. Wacker Dr., 413 Lewis Bldg, 


Chicago 6, Illinois Portland 4, Oregon 
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M & H VALVE AND FITTINGS COMPANY 


ANNISTON, ALABAMA 








VALVES, HYDRANTS AND WATER WORKS ACCESSORIES 


Efficient domestic water systems, sanitary sewage systems, and fire pro. 
tection for municipalities involve a great number of control valves and hy- 
drants. M & H products with their record of high quality, rugged strength and 
dependability can safely be reeommended. 








M & H A.W.W.A. GATE VALVES 


Iron body, bronze mounted gate valves are furnished in 
the double disc parallel seat or solid wedge types with nop. 
rising stem, outside screw and yoke, or with sliding stem 
and lever. Supplied to fit any standardized pipe conne. 
tions. By-pass valves can be furnished, unless otherwis 
specified, in sizes according to A.W.W.A. specifications, 
























The Mark 
of Quality 













SPECIAL TYPES 


Hydraulically Operated: for remote control of operation 
and for quicker, easier opening or closing. Can be mp 
plied in any of the standard sizes of M & H A.W.W.A. gate 
valves, either high or low pressure. 












M & H Square Bottom Gate Valves: specially designed for 
operation in any position. Particularly recommended for 
use in intake towers or at the foot of dams; for pressure 
regulation by throttling the flow of water in centrifugal 
pump discharge lines; for regulation of flow in feed line 
to a filter bed; and for flow regulation from a reservoir 
where there is unbalanced pressure against the gates. 













PRESSURE CLASSIFICATION—2” TO 30” SIZES 










Class Working Pressure Hydrostatic Test 
AA 0- 25 Ib. 50 Ib. 
A 26- 50 Ib. 100 Ib. 
B 51-100 Ib. 200 Ib. 
M & H FIRE HYDRANTS c 101 - 200 Ib. 350 Ib. 


Conform to latest A.W.W.A. specifications. Simple, rugged 
design minimizes maintenance costs. Features are: 


1. Dry Top—Operating threads protected from action of CHECK VALVES 
water. No rust, corrosion or freezing. 
2. Easy Lubrication of operating nut, threads and pack- 
ing through lubricating screw in top of operating nut. 
3. Revolving Head, outlets faced in any direction. 
4. Addition of Steamer Nozzle, without digging up Plied with by-passes. 
hydrant or requiring complete new barrel. May be _ furnished 
5. Lengthening of Hydrant without digging up or requiring with an outside lever 
complete new barrel. and weight. Sizes 
6. Double Lead Gaskets on Bronze valve seat. from 2” to 12” for 
7. Removal of Bronze Seat, or any working part, without working pressure up 
digging up Hydrant. to 200 Ibs. 
8. Double Drain Valves, absolutely positive, insuring 
quick and complete draining of Hydrant. 
9. Lugs on Bell of Hydrant Shoe for strapping to the water 
main, 1 cocved. OTHER PRODUCTS 


10. Compression Type. Water pressure keeps valve tight. 


For intsallation in 
horizontal or vertical 
position. Can be sup- 












Tapping Valves Flanged Fittings 
SPECIAL TRAFFIC MODEL FIRE HYDRANT aes Tae eens ene Hales Cy 
; i Shear Gates B & S Fittings 
Equipped with cast iron bolts and breakable coupling Flap Val Cutting-In T, 
on the stem. Breakage due to traffic collision is limited se egaivgy en-“endee 
to these cast iron parts which are easily and quickly re- Wall Castings Valve Boxes 
placed without shutting off the pressure. Floor Stands Special Castings 
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The measurement of the discharge or flow from fire hydrants 
sa common procedure for engineers engaged in testing the fire 
fghting capacity of a water system. The fact is frequently over- 
oked that such measurements may also be very usefully ap- 
ed to many other vital problems with which the operator of 
, water supply system is regularly confronted. It is likewise not 
ilways realized that this work may be performed with but a 
yall expense for equipment and without the need for special 
echnical training. 

Actual measurements of the flows taking place in a water 
istribution system may furnish extremely valuable information 
to the water works operators. A water distribution system is 
diferent from most of the equipment with which other business 
is conducted. It is buried underground and is not subject to 
rady inspection. The greater portion of it has not been seen 
for a generation or more. Its present operator has never seen 
most of it and almost all he knows of it is what he has been 
told second or third hand or what he learns from maps and 
records which are in many cases woefully deficient. What in- 
formation he does obtain about his system is mostly history,— 
what it was when it was last seen, years before, not what it is 
now. It is on account of these conditions that actual tests and 
measurements are of such great value. One can debate for a 
long time as to whether a certain valve is open or shut and one 
may even operate the valve one way or another and still not 
know much more than before. But if the water in proper quan- 
tity flows through that valve and evidences itself on the other 
side, then the question is settled and there is no more possibility 
for argument. 

There are two principal methods of making field measure- 
ments of the flows in water distribution systems. One of these 
is by means of the Pitot orifice tube inserted through a cor- 
poration cock in the side of a main. Such measurements when 
properly applied are of inestimable value. However, a method, 
of making tests, which is more readily available to the average 
operator, involves the measurement of hydrant discharges and 
less time, expense, and equipment are necessary therefore. Meas- 
urements so made are not, of course, a complete substitute for 
Pitot measurements in the pipes, but in many cases they may 
suffice in themselves to answer the questions at hand. Even if 
they do not, they always form a valuable guide and adjunct in 
the making of further and more elaborate tests, if these are later 
found necessary. 







































Methods of Measuring Hydrant Discharge 


Measurement of the discharge from an ordinary fire hydrant 
with sufficient accuracy for most practical purposes is not diffi- 
cult. By the exercise of care and good judgment, results may be 
obtained within fairly close limits of accuracy. Rough and 
ready methods are for the most part amply sufficient, since, 
for the purposes usually involved, the conclusions arrived at 
would not be changed by a variation of five or ten per cent one 
way or the other in the test results. Some of the rather approx- 
_ methods to be given must be judged with this fact in 
mind, 

The discharge from a hydrant nozzle is determined from the 
size or cross sectional area of the emerging stream and from 
the average velocity of that stream. From these two figures 
the discharge may readily be computed or may be directly read 
from tables or diagrams such as those appended to this article. 

Measuring Nozzle Diameter—Observation of flow from hy- 
drant nozzles shows that it completely fills the nozzle, as a gen- 
tral rule. Therefore, a simple measurerrent of the internal di- 
ameter of the hydrant nozzle serves to make known the diameter 
of the stream of water. The entrance to the ngzzle from within 
the barrel may occasionally (particularly in some old styles of 
hydrants, and hydrants with independently gated nozzles) be 
larp enough to cause the emerging stream to be contracted 
‘lightly below the size of the nozzle and if such an effect is 
noted it should be allowed for in the diameter used. The in- 
ternal diameter of each nozzle should be carefully measured to 



















HYDRANT DISCHARGE MEASUREMENTS 


Practical Methods of Making Measurements; Computing and Applying Results 











By P. S. WILSON 
Water Works Consultant, Glen Ridge, N. J 





Two Methods of Determining Velocity of Nozsle Discharge. 
(Gage on Pitot Tube Held in Stream and Gage, Indicating Bar- 
rel Pressure, Show Practically Same Readings) 
Hydrant Pitot Tube with Gage at Right 


the nearest one-sixteenth of an inch. An ordinary carpenter’s 
rule is satisfactory for this purpose. 

Determining Stream Velocity—The average velocity of the 
emerging stream of water may be determined in either of two 
ways. The most common method is by the use of a hydrant 
Pitot tube which may be inserted into the stream and which 
transforms the velocity head of the stream into the equivalent 
pressure head and registers it on an attached pressure page. 
This instrument is here pictured. It consists of a hollow blade 
or “cut-water,” shaped so that it may be thrust into the stream 
without unduly deflecting it. At the end of the blade is a small 
opening which points directly against the flowing water. The 
force of the stream striking into this opening creates a pressure 
in it which is transmitted through the hollow blade and handle 
to the pressure gage. The gage is an ordinary good pressure 
gage, except that it should be graduated to read more closely 
than most gages. The gage most frequently used is graduated 
every pound and only reads up to about fifty pounds per square 
inch pressure. It must be a good grade of gage to maintain 
its accuracy with such close reading. For some purposes it is 
of value to have a very low pressure gage graduated to half 
pounds. Sometimes the Pitot tube and the gage are held in 
place in the stream by a device which clamps over the outside 
of the nozzle. This device is not ordinarily considered neces- 
sary, however, and its use results in greater damage to the 
Pitot tube if struck by a stone or other object carried by the 
water. The edges of the blade and the small orifice into it must 
be kept sharp and symmetrically shaped or the accuracy of the 
instrument will be seriously affected. 

In use, the Pitot tube is held in the stream and the pressure 
read while the small orifice is held at the center of the stream 
and pointing directly against the flow. Occasionally on large 
nozzles it is advisable to take a rough average of the pressures 
across the stream at different points horizontally and vertically. 
In most cases the pressure at the center of the stream will ap- 
proximate the average pressure. In no case should the pressure 
very near the edge (within about one-fourth inch) be considered. 
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The other method of determining the velocity of the stream, 
and one which has been occasionally found more convenient by 
the writer, consists merely in placing on one of the hydrant 
nozzles a cap having an ordinary pressure gage tapped into it 
then allow the discharge to take place through the other nozzles. 
Due to the free discharge from the nozzles, practically all of 
the pressure head remaining in the barrel during the flow is 
transformed into velocity head in the jets. Since that is prac- 
tically the only source of velocity head in the jets, the ordi- 
nary pressure gage indicating the pressure in the barrel will 
read substantially the same as a gage on a Pitot tube held in 
a jet. This fact may be readily confirmed by trial. In this way 
the discharge of a hydrant may be measured with fair accu- 
racy, without the Pitot tube, merely by the use of a pressure 
gage, the gage reading being used to compute the discharge in 
the same manner as if it were a Pitot tube reading. The same 
type of gage should be used for this method as described above 
for the Pitot tube. Any pressure gage may be used, however, 
the accuracy of the results depending upon the accuracy of the 
gage and the closeness of the graduations and readings. 

An accompanying illustration shows a Pitot tube, with gage 
being held in the stream from one hydrant nozzle while a pres- 
sure gage on the other nozzle is at the same time indicating the 
pressure in the barrel. This illustrates the two methods of de- 
termining the velocity head of the stream. Unfortunately the 
photograph does not make it possible to see what the gages 
are reading; actually they show the same—18 pounds per square 
inch. In using the Pitot at low velocities, where a quarter 
pound makes an appreciable difference, the instrument should 
be held horizontally so that the pressure gage will be at the 
same elevation as the nozzle. 

With the same accuracy of gage reading the only inaccura- 
cies in the second method as compared with the use of the 
Pitot tube are in the fact that there is a slight loss of head in 
entering and flowing through the nozzle and in the assumption 
that the velocity head in the barrel at the point of pressure 
reading is zerq. This latter assumption is justified because the 
velocity in the barrel is low compared to that in the jet and 
the pressure reading is taken opposite or above the other noz- 
zles which are discharging. In any case, as before mentioned, 
trial will show that the results are in general substantially the 
same for both methods. If the hydrant Pitot tube is at hand, 
its use is best and most convenient; the availability of the other 
method, however, should always be borne in mind. 


The pressure gage on one nozzle, of course, prevents the use 
of that nozzle for the discharge of water. This is not always 
a disadvantage, however, particularly when the hydrant is 
equipped with a steamer nozzle which may be used for attach- 
ing the gage. 

A fact which may readily be perceived from the foregoing is 
that, when measuring the velocity with a Pitot tube, readings 
need only be taken (except as a check) in one of several noz- 
zles discharging simultaneously because readings in all of the 
nozzle streams should be practically alike. 


Computation of the Flow 


By the measurement of the nozzle diameter we now have 
obtained a diameter of the stream of water, and from the pres- 
sure gage reading we have obtained a figure which bears a 
known relation to the velocity of the stream. The formula for 
the discharge may now be readily derived from the fact that: 

Discharge = (area of stream) X (average velocity) 

If d = the internal diameter of the hydrant nozzle in inches, 
then, using the formula for the area of a circle, the area of the 


3.14xd? 
stream is ; square inches. For convenience in computing, 
this is divided by 144—the resulting formula being 0.00545xd* to 
obtain the area of the stream in square feet. 

The pressure gage reading, in pounds per square inch (p) is 
changed to feet of water head by multiplying it by 2.31. A 
fundamental hydraulic formula states that the velocity of the 
stream of water is equal to the square root of the pressure head 
multiplied by the square root of two times the acceleration of 
a falling body, due to gravity. This latter (g) is a constant 
and is equal to 32.2 in foot and secund units. Therefore: 

(a) Velocity of the stream in feet per second = 

V2.31 X p X V2 X 32.2=122X Vp 
(b) Discharge in cubic feet per second = _ 
0.00545 X d* X 12.2 X Vp = 0.0665 X d* x Vp 
(c) Discharge in gallons per minute = 
29x dX Vp 
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The velocity of the stream of water as determined by .; 
of the two methods described does not take into account ey 
low velocity of the stream around the edges where it js held Mel 
by > contact —, - the nozzle. To back 
or this, as well as to allow for a possible slight ¢o : 
the jet, it is necessary to make use of a couliclens in pe 
the results. This coefficient has been determined experimental® 
by checking hydrant flow measurements against other and y 
accurate means of metering the flow. The coefficient on 
theoretically, be different for different hydrants, but it is suff 
ciently accurate for the purposes and means of Measuremen; 
under discussion to use an average figure which has been found 
by experiment to be about correct for most cases. The 
most generally used is 0.90 and thus the formula derived above 
is modified as follows: 

(d) Discharge in gallons per_minute = 

0.90 X 29.9 X d*X Vp= 26.9x d*X Vp 

For convenience the 26.9 may ‘be rounded off to an even 2 
without introducing an error of importance, resulting in the com. 
pleted formula: 

(e) Discharge in gallons per minute = 

27x dX Vp 
in which d=diameter of nozzle in inches and, p= gage reaj 
ing in lbs. per sq. inch. 


The Advantage of Tables and Charts 


From this formula tables may be constructed in which the dis. 
charge is given for each combination of diameter of nozzle ani 
Pitot pressure head and from which the result of the measure. 
ment may therefore be read directly without computation, 4 
specimen is shown in Table 1. The discharges in this table ar 
given to the nearest ten gallons per minute. Tables may be mad 
up very conveniently to fit in field note books. For special pur. 
poses they may be abbreviated or enlarged either in range or jp 
closeness of reading. 

Another method of handling the formula is by the use of dia. 
grams. A particularly convenient form for such a diagram 
which the author has never seen in use elsewhere, accompanies 
this article. In this diagram measurements horizontally from 
the origin or zero are proportional to the square root of the Pitot 


pressure head, V~. Measurements vertically are proportional to 
the discharge of the hydrant nozzle in gallons per minute. An 
inclined straight line passing through the origin then represents 
each value of the nozzle diameter, (d). A heavy line is drawn 
for each size of nozzle in use using the theoretically correct 
value of d,—for example 2% inches for an ordinary hose nozzle. 
Light lines are then drawn on the diagram below and above the 
first ones representing %-inch undersize and oversize of each 
nozzle. From these three lines values for each 1/16 to %-inch 
under and over the nominal sizes may readily be read on the 
TABLE 1—HYDRANT DISCHARGE®* 


Gallons per minute = 27d? Vp 
Gage Reading—Hydrant nozzle diameter in inches [d] 
2 2% 2 2% 2 


*Discharges shown to nearest 10 gals. per min. 
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PRESSURE HEAD-(P)-POUNDS PER SQ INCH 
he dis. (AS INDICATED BY PRESSURE GAGE ON PITOT OR ON CLOSED NorzLe) 
RGE 
ea enya, aR 
be i. Hydrant Discharge Diagram. (Courtesy, Community Water 
e made Service Co.; this Chart Having Been Prepared by the Author 
al pur. While Connected with the Company) 
> OF in 
diagram. This covers the usual variation of the nozzles. It is 
of dia- to be noted that the horizontal distances on the diagram are not 
agra, directly proportional to the pressures but to the square roots of 
ipanies the pressures. This results in uneven spacing of the figures, but 
"from by so constructing the diagram the lines representing the nozzle 
> Pitot diameters may be drawn straight, whereas otherwise they would 
nal to be curved. The uneven spacing of the pressure lines makes 
An accurate interpolation difficult, and therefore enough iines are 
‘esents frawn on the diagram to make this unnecessary. 
drawn Having made a discharge measurement this diagram is used 
orrect as follows: Pick the vertical line representing the Pitot pressure 
10zzle. reading, follow it up or down to where it crosses the line repre- 
ve the senting the actual measured internal diameter of the nozzle, 
each estimating where that line would be if the correct one is not on 
4-inch the diagram. Then follow the horizontal lines to right or left 
mn the and read the discharge on the vertical scale. 
A Few Comments 
2% A careful study of the formula and the tables and diagrams 
A) kads to a number of important observations on the carrying on 
4 of this work. When the Pitot pressure reading is low, a slight 
190 difference in the reading will result in a very large percentage 
210 difference in the result, whereas at higher pressures a half pound 
4 ‘ or even a pound does not make much difference. For instance 
260 the difference between 1 and 2 pounds per square inch makes 
= about 40 per cent difference in the discharge while the difference 
350 between 10 and 11 pounds per square inch makes only about 5 
370 per cent difference. This fact is the reason for making the pres- 
+ sure differences in the table and diagram smaller in the lower 
440 range. It also indicates the necessity for making very careful 
460 Pitot pressure determinations in the field, particularly at low 
pa pressures. (Gages should be closely graduated as before men- 
510 tioned and should have at least three inch dials. On particular 
530 work they should be calibrated with a dead weight tester before 
4 and after using and corrections applied to the readings if neces- 
570 sary. Gages should be handled gently and with care so as to 
590 maintain their accuracy. Since they will probably not read as 
high as the static pressure in the mains, care should be taken 
370 when taking pressures on a closed nozzle not to subject them to 
100 too much pressure. Other gages must, of course, be provided 
r+ lor taking the direct main pressures. ; 
70 Emphasis must be placed on the necessity for keeping the con- 
90 nections between the Pitot blade and the pressure gage abso- 
- lutely tight. A very slight leak, in fact only a drip which in the 
70 general splashing may not be noticed, is sufficient to make the 
10 teading considerably in error. The connections should be made 
. w tightly with wrenches and should not be loosened in order to 
” ‘urn the gage into a more convenient position. 





It will be noted that a 1/16-inch difference in the diameter of 
the nozzle makes a much greater percentage difference at high 
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discharges than at low ones. This is the opposite from the effect 
of the pressures. In spite of this it will usually result in greater 
accuracy to use as few and as small nozzles as possible in a 
measurement. The use of steamer nozzles is advised only on 
work where approximate results would be satisfactory. Further 
experiments may show that a slightly different coefficient should 
be used in computing the discharge of the larger sizes of nozzles. 


Fire Flow Tests 


The making of fire flow tests is the most obvious use to which 
hydrant flow measurements may be put. Such tests consist in 
the determination of what amount of water is available at a 
given hydrant, or at a given group of hydrants, for use by the 
fire department. This test is the one usually made by the en- 
gineers of the National Board of Fire Underwriters in rating a 
system for fire protection. So much has been written on such 
tests that they need be only mentioned here. Simultaneous read- 
ings are taken on as many hydrants in a group as are needed in 
order to develop the capacity of the system. .At the same time 
a record is kept at an adjacent hydrant (not discharging), of 
the residual pressure. From a set of such readings the discharge 
capacity of the system at that point with any residual pressure 
may be known. 


The residual pressure mentioned above is the pressure remain- 
ing in the mains during the time that a flow test is taking place. 
This pressure is determined by the readings of a pressure gage 
attached to a hydrant which is mot discharging but which is 
located close by and, if possible, on the side opposite to the direc- 
tion from which the flow is coming. The actual capacity of the 
distribution system at a given point is usually considered to be 
the discharge with the residual pressure drawn down to some 
stated figure. By this method the results of flow tests at differ- 
ent points and on different systems are made comparable. When 
fire engine pumpers are to be used then the maximum capacity 
of the system may be considered as the discharge with the re- 
sidual pressure drawn down to 20 lbs. per sq. in. If reliance is 
placed on direct hydrant pressure for the hose streams then the 
residual pressure can not be drawn down nearly so low and the 
maximum capacity of the system at such higher residual pres- 
sures will be less. Sometimes the capacity of a system is re- 
ferred to as the discharge with a drop in pressure of 20 lbs. per 
sq. in., in other words, with a residual pressure 20 lbs. per sq. in. 
less than the original pressure before the hydrants were opened. 
This will usually be a very different figure from the capacity at 
20 Ibs. per sq. in. minimum residual pressure. 

It is usually difficult or impossible to make a flow measure- 
ment at exactly the rate of discharge which will result in the 
residual pressure desired. It is customary, therefore, to make 
the measurement at some rate of discharge as near as convenient 
to that producing the effect desired and then to compute what 
the discharge would have been at the residual pressure desired. 
This may be done by applying the fact that the discharge is 
approximately proportional to the square root of the drop in 
pressure. 

If, for example, the original pressure in the mains before open- 
ing the hydrants had been 56 lbs. per sq. in., and the residual 
pressure during a flow of 2680 gallons per minute had been 32 
Ibs. per sq. in., then the drop in pressure during that flow was 
24 lbs. per sq. in. Suppose now that it were desired to know in 
this example what the discharge would have been with a residual 
pressure of 20 lbs. per sq. in. The drop in pressure in that case 
would have been 36 Ibs. per sq. in. It is then merely necessary 
to multiply the measured discharge (2680 gal. per min.) by the 
square root of 36 (which is 6.0) and divide by the square root 
of 24 (which is 4.9). 

2680 x 6.0 

———_—— = 3280 gal. per min. which would have been the 


discharge at 20 lbs. per sq. in. residual pressure. 

If Q: is the measured discharge with a drop in pressure of 
D,; and Qs is the discharge which would have taken place with 
a drop in pressure of D; then the above method may be stated in 
a general formula as follows: 


Q:=Q; X pia 
VD, 


This method, as stated before, is only approximate and it 
should not be considered very reliable if the drop in pressure at 
the measured discharge is very greatly different from the drop 
in pressure desired. The method is, however, entirely satisfac 
tory for most practical purposes. 

Fire flow tests may indicate not only whether the system has 
the desired capacity or not, but they may be amplified to give 


VD; 
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information as to what work should be done to increase the 
capacity. For example, by taking a record of the pressures in 
the system during the flow test at various points progressing 
back toward the source of supply, it may be conclusively shown 
whether a restriction is in the principal supply mains or whether 
it is in the local mains adjacent to the test. By cutting out 
certain mains during the test still further information may 
gained as to the actual conditions existing; closed valves or 
other obstructions, defective hydrants, or large leaks may be 
discovered and located. This work opens up a great field for the 
display of ingenuity on the part of the operator since the exact 
procedure is subject to unlimited variation and depends upon the 
arrangement of the particular system under test. 

For further details and information regarding fire flow tests 
the reader is referred to a paper published in the Journal of the 
American Water Works Association, Volume 12, No. 2, October, 
1924, by Mr. George W. Booth. 


Other Uses for Hydrant Flow Measurements 


There are many other varieties of tests, measurements and ex- 
periments which may be performed on a distribution system 
through the use of hydrant discharge measurements. They may 
be used in making determinations of the friction coefficient in 
certain mains of the system. By isolating a stretch of pipe so 
that the feed into it is from one end only, a flow through it may 
be created which can be measured at its discharge from a 
hydrant or hydrants at the end of the section under test. If 
pressures are taken simultaneously during the flow at interme- 
diate hydrants or other connections of known elevation along 
the main, then, from the data so obtained, the loss of head and 
the friction coefficients of each section may be computed. Ob- 
structions or closed valves may also be located through the un- 
equal drops in pressure in different sections along the line when 
such difficulties exist. 


« 

Such tests are of value in determining the j 
advisability of cleaning a main and oe in ‘determin 
effectiveness of the cleaning after it has been performed, If 
are made periodically after cleaning, valuable data will ody 
tained as to the speed and degree of the return of roughn . 
the pipe, thereby indicating the true value of the cleani ay 
the advisability of recleaning or of cleaning other main, 
the efficacy of corrosion control procedures will be disclosed 
= results of changes evaluated. and 

n those cases where a company’s records are ina 
of head tests may be quickly made to provide an prenscy pd in 
tion of the size of any main which is in doubt. ” 

When flushing out sediment or other deposits from the 5; 
of a system it is of great value to make a rough check of the 
discharge of the hydrants or blow-offs in use in order to be ’ 
tain that a sufficient velocity has been created in the main « 
mains supplying that point to properly clean them out. Fron 
4 to 6 feet per second is usually considered the minimum thet 
will effectively flush out a main, so that the material remainj 
se cause no further difficulty by being stirred up by sean 

ows. 

It is difficult to foresee all of the benefits which may come of 
making tests such as these on a distribution system. One of the 
greatest benefits is that, no matter what their nature, they will 
ordinarily result in an unusually thoughtful and detailed consid- 
eration of the system on the part of the men who are operatj 
it. The effort to interpret and account for results, and the re- 
sulting further tests, will frequently uncover unsuspected condi. 
tions quite different from those which originally suggested the 
tests. 


Acknowledgment—At the request of Water Works anp Sey. 
ERAGE, the author has revised and added to an article publish 
by him (Journal of the A. W. W. A. for July, 1930), on the 
same subject. We believe the practical value of this contriby. 
tion justifies its re-publication.—Editor. 





Fire Flows Required for Towns of Various Sizes, 
by National Board of Underwriters 


Required Fire Flow, 
Gallons per Minute 


Population for Average City 
A irate iw bes tiebabeetiawenaeewe thonbrabes 1,000 
2,000... vi rnhaseeuesthaeeenteeenensGeesses 1,500 
Viki canbe acs eesnents tensaeeeekewewetenes ‘ 2,000 
6,000... iabeter ee’ heskeedueerseuweenes 2,500 

10,000... ., sneerededensestheesdehsanteeendans 3,000 
13,000.... cehesesdnieadiinesakteeweaen 3,500 
ee ee ae ere eee 4,000 
Ks 0b 0anaenss edi eenbed bees seen nandanvenes 4,500 
PE Shi hi 4-0:9:kiebd oboe EREEAO REE Reed om wees 5,000 
0 ee ee ee ee ener ee 6,000 
PE cEGE bs ohhh eeeRe eee aeRenEekeibaeenaes 7,000 
ere vbsé cbnbeenedadeseiatedehbiGeeas 8,000 
i Gidctceeucetauweas biendsdebenteeseundeens 9,000 
PR UKsia Cone pebesetiedeadesdeunseeseeuanes 10,000 
950,008. cccccec Kebnnneesdeecesstheseseeeeusdedes 11,000 
NY hbOGA0 nan intdadneindecds de dednudetecnens 12,000 


Over 200,000 population, 12,000 gallons a minute, with 2,000 to 
8,000 gallons additional for a second fire. 


In residential districts the required fire flow depends upon the 
character and congestion of the buildings. Sections where build- 
ings are small and of low height and with about one-third the 
lots in a block built upon, require not less than 500 gallons a 
minute; with larger or higher buildings up to 1,000 gallons is re- 
quired, and where the district is closely built, or buildings ap- 
proach the dimension of hotels or high value residences, 1,500 to 
3,000 gallons is required, with up to 6,000 gallons in densely built 
sections of 3-story buildings. 
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Commercial Pipe Sizes for Fire Streams* 
























































‘ Ordinary Fire Streams 
Vy 
& 
on] 40 Pounds | 50 Pounds | 60 Pounds | 70 Pounds | 80 Pounds | 90 Pounds 
* =| Pressure Pressure Pressure Pressure Pressure Pressure 
=@ 
6% g 3 g ~ 8 ~ g <3 8 3 S ig 
F3/ 3s) %e) Ha) "e) 2s | Se] 2g |e) ea) %e| oa] he 
=| Se 3S = | Sal] Ue | SS] CR] SS] om | oS 
3 or om Ry of in Of! £3 om B2 | 07 | By OR 
3. ‘ss! Bo] 3 32 $j} 32 S1'5 & 
oe BR ge 44 om | 5a oe ae om za oe ak 
ale ld |e |e |e |2 Je |2 |e |e |e 
i 4 20 6 23 6 25 6 27 6 29 6 
2 6 30 & 45 8 50 8 $3 8 $7 8 61 
3 8 61 8 68 10 74 10 80 10 86 10 
4 10 81 10 90 10 99 10 107 12 114 12 | 121 
5 10 101 12 113 12 124 12 134 12 143 12 | 182 
6 12 121 12 135 12 149 14 160 14 172 14 | 182 
7 12 141 14 158 14 174 14 187 14 200 16 | 212 
Rg 12 162 14 181 14 199 16 214 16 | 229 16 | 242 
9 14 182 14 203 16 223 16 241 16 | 257 18 | 273 
10 14 202 16 2°76 16 243 16 267 18 286 18 
il 16 | 222 16 248 138 273 18 294 18 | 314 18 | 333 
12 243 18 271 is 298 18 321 20 | 343 20 | 364 
13 16 | 263 | 18 | 293 | 18 | 323 | 20 | 348 | 20 | 372] 20 | 39 
14 18 283 18 316 20 348 20 | 374 20 | 400 20 | 424 
1s 18 3 20 | 339 20 372 20 401 20 | 429 | 24 | 455 
High-Pressure Fire Streams 
100 Pounds | 110 Pounds/ 120 Pounds /| 130 Pounds | 140 Pounds | 150 Pounds 
Pressure Pressure Pressure essure Pressure Pressure 
~T 1-6) 32) 6) 33| 6) 38] 6) 36| 6) 38] 6) 9 
2 8 64 8 67 10 70 10 73 10 758 1 78 
3 10 96 10 100 10 105 10 109 12 113 12 | 117 
4 12 | 128 | 812 | 134] 12 | 140] 12 | 445] 12 | 151 | 14 | 156 
$ 14 160 14 167 14 174 14 181 14 188 14 | 495 
6 14 | 191 | 14 | 200] 14 | 209] 16 | 218 | 16 | 226] 16 | 23 
7 16 | 223 16 | 234 16 244 16 254 16 | 264 18 | 273 
8 16 | 25S 16 | 267 18 279 18 290 18 jot 18 | 313 
9 138 287 18 1 18 | 314 18 | 326 18 | 339 20 | 352 
10 18 | 319 18 | 334 20 | 349 20 | 363 20 | 377 20 | 391 
ii 20 | 351 20 | 367 20 | 384 20 | 399 20 | 414 20 | 430 
12 20 | 383 | 20 1] 20 | 419] 20 | 435 | 24 | 452] 24 | 469 
13 20 | 415 | 20 | 424] 24 | 454] 24 | 472] 24 | 490] 24 
14 24 | 447 | 24 | 467] 24 | 488 | 24 | S08 | 24 | $28 | 24 | S47 
is 24 | 479] 24 | SOL | 24 | $23; 24 | S44] 24 | S65 | 24 | 586 















































To convert cubic feet to gallons, multiply by 7.4805. 

In calculating above table, the following assumptions were made: Nozzles. 
13-inch smooth . playing simultancously, and attached to 200 feet of best 
quality rubber-lined hose; pressures measured at hose connections; velocity o 
water in nipe approximately 3 fect per second. 


*Reproduced by courtesy of N. S. Hill, Jr. 
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ROSS VALVE MFG. CO., INC. 


TROY, NEW YORK 





AUTOMATIC CONTROL & PRESSURE REGULATING VALVES 


For Water Works and Fire Departments 


For accurate service, the automatic control and pressure regulating valves must be right as to 
type and size for the service required. Our W. R. Type, cast iron, bronze mounted valves 
in sizes from 4” to 30” are guaranteed for services for which they are designed. 


Altitude Valves 
Single Acting 


Model 40 AWR — semi-throttling hy- 
draulic control to prevent overflow of 
tank, standpipe or reservoir or to 
maintain a positive adjustable head for 
washing and filtering operations. Pilot 
adjustment range—4 to 30 ft., 30 to 60 
ft., 60 to 150 ft. 


Model 30 AWR—wide open or closed 
iiydraulic control to prevent overflow 
§ tank, standpipe or reservoir. Pilot adjustment range 4 to 
9 ft. 30 to 60 ft., 60 to 150 ft. : 

Other single acting altitude valves combine back pressure or 
relief valve and pressure reducing functions. 





Double Acting 

Model 40 DAWR—to prevent overflow in tank or reservoir 
and to allow return flow to distribution system when head on 
tank side is three inches higher than head of distribution 
system. These valves may be equipped with Remote Hy- 
draulic and Electric Control. When required the return flow 
can be delayed for a predetermined pressure drop in distri- 
bution. Pilot adjustment range—4 to 30 ft., 30 to 60 ft., 
0 to 150 ft. 

Other double acting altitude valves combine many additional 
features to prevent dumping of tank, to retain supply on off 
peak loads and to make available maximum storage for peak 
load periods. Also a semi-throttling model for gradual clos- 
ing of feed line and for maintenance of adjusted pressure on 
the distribution side. Can be equipped with secondary pilot 
to close valve if break occurs in distribution system. 


Surge — Relief — Back-pressure Valves 

Model 50 RWR —Single Pilot, Electric 
and Hydraulic Control—for protection 
against excessive pressures in distribu- 
tion systems, supply lines and pump 
discharge lines. Intaliled in discharge 
line of deep well pump, provides con- 
stant back pressure to prevent over- 
drafting of the well. Pressure range 
in pilot—10 to 60 Ibs., 20 to 150 Ibs., 
125 to 250 Ibs. 





Float Valve or Level Controller 


Model 50 FWR—External Pilot Oper- 
ated—to control main valve so that 
main stem operates wide open or 
closed. Pilot valve wastes to atmos- 
phere contents only of operating 
chamber each time valve stem rises to 
open position. Maximum inlet pres- 
sure, 175 Ibs. 


Model 40 FWR—External Pilot Oper- 
ated, Semi-throttling—for gradual clos- 
ing of valve during last three inches 
before overflow. 





Reducing and Regulating Valves 
Model 40 WR—Single Pilot, Hydraul- 
ic Control—to maintain constant de- 
sired discharge pressure regardless of 
rate of flow or pressure on upstream 
side of valve. As a pressure reducing 
valve, operates to: 

1. Control and regulate pressures in 

gravity and pumping systems. 


bh 


. Regulate flow between reservoirs 
and zones of different pressures. 

. Regulate fire flows between zones 
of unequal pressures. 

4. Regulate pressures in filter wash 

lines and aerator nozzles. 





ww 


Valves operate without waste of water 
to atmosphere and will not induce 
surge. Can be equipped with dual pilot 
to permit changing from one pressure 
to another by mere operation of a 
three-way cock for systems operating 
under different day and night pressures. 
Valves may be supplied with right- 
angle body. Pressure range outlet— 
10 to 60 Ibs., 20 to 150 Ibs., 125 to 250 Ibs. 


Model 40 WR-—Single Pilot, Electric 
Remote Control—motor driven, geared 
to pilot adjusting tail screw, made with 
limit stops to prevent over-travel, and 
operated by push button switch. 





Pressure Reducing and Reverse Flow Valves 


Model 50 WR—Single Pilot, Hydraul- 
ic Control—for installation at dividing 
line between two zones to reduce pres- 
sure from higher zone, to function as 
a sleeping valve, discharging into low 
zone at a time of excessive draft, to 
permit flow from low to high zone 
when excessive draft in high zone re- 
duces its pressure below that of the 
low zone as in case of fire. Pressure 
range outlet—15 to 60 lbs., 20 to 150 Ibs. 
This valve may be equipped with dual 
pilot control to permit greater ranges 
in pilot control and to provide the as- 
surance which goes with duplication 
and stand-by units. 





FIRE DEPARTMENT SPECIALTIES 


Portable Fire Hydrant Head for Pressure Reduction—Internal 
Pilot Operated—for attachment to high pressure main; car- 
ried on apparatus to fire, one man can attach (110 Ibs. weight) 
in 18 to 30 seconds, four 2%” hose connections delivering in- 
dependently from shutoff to full pressure and a fifth connec- 
tion 2%” to 3” delivering full pressure. 


Hose Valves for Pressure Reduction 
Fire Engine Relief Valves 


All Ross Valves Repaired in Line: Internal Packing Replaced Through Top of Valves. 
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Golden-Anderson Golden-Ander- 

Single Acting Semi- son Stop Start- 

Throttling Altitude ot er Single Act- 
e 











Golden - Ander- 2 = 
son Single Act- | 

ing Standard Al- , 
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Golden-Anderson 
Balanced Control. 
ling Float Valves, 








— 


\WA dependable source for your most 
Important Valve Requirements 


Golden-Anderson Altitude Control Valves require no floats 
or complicated fixtures in their installation. They can be 


on easily installed and protected from inclement weather to 

sa assure unfailing water service control under any climatic 

Le ot Golden ail wt conditions. Sensitive operation is another outstanding 
feature—they faithfully maintain water levels within 3” to 


12” variation and may be arranged with auxiliary equip- 
ment to perform a multiplicity of services. Write for latest 
technical catalog. 








Our engineers are 
available to aid in 
the successful solu- 


son otory aincin al eYoy Ao) NEP -W 10) 4: S-f0) 


Specialty Company 
Yt PITTSBURGH 22, PA. 
write for descriptive 


technical catalog 
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y MEASURING flows from a_ fire 
‘hydrant, when the stream does not issue 
“1 jet force, OF when the nozzle flows 
= tle full, a method based on measur- 
af 9 trajectory or path of the stream is 
~ convenient and best suited to the 
mus 


jtuation. 


Small flows from fire hydrants are en- 


sountered when conducting fire flow tests 
» towns having deficient distribution sys- 
wns, This is especially true on the out- 
Jirts where pressure may be entirely lost 
; more than a single fire hydrant is opened. 
ile the method is useful when adjusting 
the fow through new or repaired sections 
if pipe for continuous heavy chlorination. 
The method is likewise useful in estimating 
dows from pipes in general where a free 
all of the stream from a smooth end sec- 
jon of pipe can be arranged. Although 
, great accuracy is claimed for the meth- 
it is sufficiently accurate for utilization 
ader many conditions. 


Description of Method 

Known under various names as the X-Y 
nethod, the coordinate method, and the 
‘ajectory method, the procedure consists 
<mply in measuring the distance that the 
tream has been projected after it has 
len some measured distance. Different 
modifications measure the deflection ac- 
sording to various detail, thus the reference 
mint in the stream may be along its top, 
its estimated center, or the underside, 
shichever system seems best adapted to 
the purpose at hand. For use in connec- 
tion with fire hydrant flow, measurement 
but to the underside of the stream seems 
ksirable for simplicity and convenience. 
As shown in Fig. 1, this deflection is for 
nvenience measured at a level 1 foot 
helow the invert of the nozz'e. The tape 
r measuring rod is extended horizontally 
0a point where its tip just touches the 
main stream; no attention is paid to irreg- 
jar side currents that might not be thrown 
ut so far. Drops shorter than one foot 
result in smaller projections (shorter tra- 
ectory) which increase the error in meas- 
urement, while longer drops are not applic- 
ble for low setting hydrants. 

The relation between the deflection and 
rate of flow is best established by direct 
alibration. A tank of known volume, say 
acask or a milk can, is placed to catch the 
stream from a high setting hydrant and 
the time required for filling noted for 
various openings of the valve. The deflec- 
ton is also measured several times for 
tach valve setting and averaged. From 
these data a calibration curve such as Fig. 
“lor a 21-inch nozzle, may be plotted. 

[If a special composite rule is used, as 
‘escribed later, this curve will vary slightly 
«cording to the manner in which the drop 
‘ape is assembled to the case of the hori- 
wntal rule. ] 


Calibration Curve 


On logarithmic paper the calibration 
‘irvé consists of two segments, the lower 
mé corresponding to flow over a broad 
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crested circular weir, and the upper one 
characteristic of forced flow through a 
tubular orifice; these cases refer to a par- 
tially full nozzle and a completely full 
































Fig. 1. 


Trajectory Method for Measuring 
Flow from a Fire Hydrant 


nozzle respectively. So long as the nozzle 
is only partly full an increment in head 
and cross section of the stream is not ac- 
companied by a proportional increment in 
projection, since the stream is not forcibly 
expelled under pressure. Hence for low 
flows the curve flattens as indicated. With- 
in this region two types of flow can be 
recognized, namely, a relatively quiet spill- 
over at very low discharge, and a twisting 
stream having elevated sides when flowing 
over half full. 

At full discharge, starting near 65 gpm., 
the curve is a straight line having unit 
slope as expected from theory. When the 
flow exceeds 250 gpm. the water is blown 
out at a wide angle, causing deflections of 


inches 
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ESTIMATING FLOWS FROM LOW PRESSURE FIRE HYDRANTS 
A Method Also Applicable to Free-Falling Flow From Pipe Lines, Sewers, Etc. 


La 


the underside to actually decrease. There- 
fore, a practical upper limit for use of this 
method is set by divergence of the stream, 
although if no other method were avail- 
able in the higher range, the bottom tra- 
jectory curve still might be extended some- 
what beyond the recession point. 


Theoretical Relations 


The equation for that portion of the cali- 
bration curve representing the trajectory 
of a jet under pressure has been derived 
in textbooks simply by noting that the 
horizontal component of the velocity is 
given by the usual nozzle formula and the 
vertical component is governed by the law 
for speed of falling bodies. Thus there is 
always a fixed relation between the vertical 
drop, the projected travel horizontally, and 
the rate of flow. In applying this method 
the drop, for convenience, is set arbitrarily 
at one foot. The projected throw is meas- 
ured and the rate of flow thereby estab- 
lished. 


Let: 

x = horizontal travel of stream, ft. 

y = vertical ‘drop of stream, ft. 

V velocity of discharge from nozzle 
ft./sec. 

reg acceleration 
sec.* 

t time of flow, sec. 

h = head over nozzle, ft. water. 
= cross-sectional area of 
sq. ft. 

q = quantity, cu ft./sec. 


The horizontal motion of the jet during 
time (t) is 
x WE isi cd0scaSeerecens Eq. (1) 


due to gravity, ft./ 


nozzle, 
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Fig. 2. Typical Calibration Curve 
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while the vertical fall is 


since q == 


Chen, 


a | 2y 
x=—¥ Se .ceedes . Bq. (4) 
A & 


which shows that the horizontal projection, 
at any fixed level, varies directly with the 
rate of flow. Substituting numerical values 
(4) and expressing flow in gallons 
the flow in cu. ft./sec. (q) 
becomes gpm. divided by 7.48 (gal. in 1 cu. 
ft.) times 60— 


in Eq 
per minute 


gpm. 





7.48 X 60 (— 
x 
.785 X 2.5 X 2.5 32.16 


144 
= 0.01658 X gpm. 


If the projected distance is measured in 
inches 

x = 12 X 0.01658 gpm. 

(inches) 

0.199 X gpm. 
or 100 gpm. causes a deflection of 19.9 
inches. 

This derivation is based on average dis- 
placement, as from the center of the nozzle 
tip to the center of the stream, and checks 
closely other data obtained under such con- 
ditions. When the distance to the under- 
side of the jet is measured, however, it is 
found, as shown on the calibration curve, 
that 100 gpm. flows at a deflection of only 
13.0 inches. This smaller projection is due 


to widening of the stream both h 
ly and geometrically as cut by a 
transept. 


Ydraulic,) 
born 


Special Rule 


Rather than measure deflection 
stream and refer to the Calibration ry 
the rule (such as an encased “a 
may be divided (by means of tape, 
marks) as indicated in Fig, 3, to — 
flow directly. A completely self-contajn 
device to set the level at one foot dro ve 
to measure out to the stream, as in rs _ 
may be made by attaching a short auxilan 
steel tape to the case of the main re? 
such a way that when applied to th 
hydrant the required level js establishes 
This drop tape may be attached in a a 
ber of ways depending on the tyne of cay 
The simplest possibility is with cases by, 
ing a hollow central rivet through whi: 
the drop tape may be bolted. The assent), 
can then be compactly wound and carte 


in a small pouch of soft leather or cloth 
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Ruling of trajectory scale for 2$ inch hydrant nozzle 


Fig. 3. Ruling of Trajectory Scale for 2%-In. Hydrant Nozzle 























INCLINED DIAGONAL PIPE RUNS CALCULATING PIPE LENGTHS 
By CHARLES FRICK 


B.—When measurements in two planes are known and angk 
f fitting (@) decided upon, then 
D = V A’+ B’x Csc (0) Formula III 
C = VA?+ B’ x Cot (0) Formula IV 
Example: Let A = 8’0”, B = 9'6”, (0) = 45° 
Find—C and length of pipe required on 12” line, 
D= V (8)* + (9.5)* x Cse 45° 
= V 64+ 90.25 x 1.4142 
= 17.56’ = 17'634” 
Length of pipe = D — (C to E of S. + C to B of 
= 17634” — (2'1%") = 15'4%" 
C = V(8)* + (9.5)? x Cot 45° 
= V64=— 9025 x I 
= 12.42 x 1 = 12.42’ = 12'5” 


Water works men may find the following formulas interest- 
ing and helpful in figuring lengths of pipe and tie rods on in- 
clined diagonal runs. 

The formulas are also useful in finding the approximate angle 
of fitting, theta (@), required (when bell and spigot pipe and 
fittings are used) when the dimensions in three planes have 
been decided upon. 

The evolution of the formulas (see illustration) are also 
given in case the principle of revolution to a vertical plane may 
have further advantages in similar problems. 

The subtraction of the center to end of spigot and center t 
back of bell taken from D gives the true length of pipe re- 
quired. 


Sketch Explanatory of Formulas for Lengths of Pipe for Diagonai 
Runs and Angle of Fittings 
A.—When measurements in three planes are known, then 
D= VA*+B°+C Formula I 
V A*+ B’ 
L (6) =————— 
C 


Example: Let A=5'6”, B=3'0", C= 14’9” 
Find (@) and length of pipe required on 8” line. 
D= Vv (5.5)? + (3)? + (14.75) 
V'30.25 + 9 + 217.56 = 16.025’ say 160” 
Vv (5.5)? + (3)? V30.2549 


Formula II 








L (e ) -to _ 





14.75 14.75 
V 39.25 6.265 
ee = 0.42474 
14.75 14.75 
L (@) = 23° + and a one-sixteenth curve may be used. 
Length of pipe = D — (C to E of S. + C to B of B.) 
= 16'0” — (2'1"4+-) = 13’11"— 


¢ 


Sketch Explanatory of Formulas for Lengths of Pipe 
for Diagonal Runs and Angle of Fittings 
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in these tables we have compiled—in compact but 
complete form—data on steel reservoirs and on the 
various types of elevated steel tanks. For information 
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PITTSBURGH-DES MOINES STEEL CO. 


Tanks—Plate Fabrication—Structural Steel 
Sales Offices at: 3418 NEVILLE ISLAND, PITTSBURGH, PA... . 919 TUTTLE STREET, DES MOINES, IOWA 


ROOM 918—270 BROADWAY. NEW YORK ... 1222 FIRST NATIONAL BANK BLDG., CHICAGO. ILL. 
1223 PRAETORIAN BLDG., DALLAS, TEX. ... 625 RIALTO BLDG., SAN FRANCISCO, CALIF. 


as to the application of these various types of tanks, 
for designs for specifications, or for estimates—write 
our nearest office. 


Table I—Pittsburgh-Des Moines Standard Hemispherical Bottom Elevated Tanks 





Tank Dimensions 


H = Height of Tower to Bottom of Tank Capacity 



























































Capacity 

in U.S. D Cc Vv 

Gallons ft. | ft. tn. | ft. in.| ft. im.) St. tn. | ft. in| ft. tn.) ft. tm.) ft.in.| ft. tn.) ft. tn.| ft. in.| ft. tn.) ft. | ft. mm. 
5,00! 9 10 0/11 3] 11 3/18 9] 31 9} 38 3| 51 9} 58 9 72 9 79 9 038 9] 100 9] ...... 
10,000 13 5 11] 1111]10 0| 20 0; 30 0; 40 6/| 50 0; 60 O 70 0 80 0 90 0; 100 O| ...... 

,000 13 10 11 | 1611] 10 0/| 20 0} 30 0/| 40 0} 50 0; 60 0 70 0 80 0 90 0} 100 O} ......]- 
20,000 13 15 11 | 21 11410 0] 20 0; 30 0}; 40 0; 50 0}; 60 O 70 0 80 0 90 0; 100 0 ° oe eee 
25,000 15 14 7/1911] 44 8] 50 0/|] 69 8/75 O| ..... | 9 8 a 2) seven Be Oh cecoce | cecee © | ceccee 
30,000 15 18 5| 23 9144 8] 50 0; 69 8| 75 Of ..... 94 68 a U2. seenae ae OS saccee b aenee o | secce 
40,000 17 ae DE ee REED SFE sscos | ncvvs me © ET asceos 9 3 me OT sscces BS OF seccen | segees eas 
50,000 19 17 7|25 7 --eee | 55 0} 63 41/75 O} 83 4/91 8 00 O/; 111 8 20 0} 128 4] 140 O| 148 ‘ 
60,000 19 22 6; 30 6]. . | 55 0} 6 4/75 OO} 83 4/91 8 00 0; 111 8 20 0} 128 4] 140 0}; 148 4 
75,000 21 Se Gi Se SF cvvce 55 0| 6 4/75 O}| 8 4/;91 8 00 O/; 111 8 20 0/| 128 4] 140 O| 148 4 

,000 24 22 6/| 3 OF ..... 60 0}; 68 1) 75 O| 79 7}; 91 6 00 0; 113 1 16 6/125 O| 141 6] 183 4 
150,000 28 24 2|34 7146 6 | 5410|] 63 2/ 75 O}; 8 #/ 91 8] 100 O}; 111 10 20 2/128 6) 140 3/1 7 

. 32 23 4/36 1445 9/| 54 1/62 5&5] 75 Oj} 8 4/91 8 00 0} 112 7 20 11 | 129 3) 141 10] 1 3 
250,000 32 31 4/145 4145 4/53 8/62 0/] 75 OO}; 8 4/91 8/ 100 0; 113 O 21 4/129 8/| 142 8] 181 

. 36 28 4/42 54345 4/53 8/] 62 0} 75 0} 8 4/91 8] 100 OO}; 113 8 21 4/129 8/| 142 9 1} 1 
400,000 40 30 0/| 46 6144 6] 5210/ 61 2}; 75 O}; 8 4; 91 8 00 0}; 113 1 22 2/ 130 6/ 138 10; 1 

000 # = 3 = ; 43 61/5110] 60 2| 75 O| 8 4] 91 8{ 100 O/| 11410 23 21131 61 139 10 | 164 7 
750,000 50 4 9/57 5 } tower heights have not been standardized for these capacities and can therefore be built to suit the 
d ,000 50 52 0/73 9 requirements in each particular case. 





Table II—Pittsburgh-Des Moines Standard Hemi-ellipsoidal Bottom Elevated Tanks 




































































Tank Dimenstons H = Height of Tower to Bottom of Tank Capacity 
Capactt 
in U.S. D Cc Vv 
ss Gallons ft. ft. in. | ft. in. | ft. tn. | ft. in. | ft. tn.| ft. tn. | ft. in. | ft. in. | ft. tn. | ft. tn.) ft. tn.) ft. tm.) ft. tn. ft. tm. 
25, 17 11 9115 564346 4/51 8|71 4/75 O| ..... 96 4 BO OT cccces 26 8 oo - Ff eevee | cvcece 
C at 30,000] 17 147/118 6146 1/51 &|71 1/175 O| ..... 96 «#1 OO OO] ceccece BB SB] cuccce | ccccee eoccce 
Vv 40,000} 21 1 Bt ee WES” SF coven F acess a Se sonen Or 0 Mee We ssacan i We stcecn T entte omaha 
50,000} 22 Se Si Be OF .vcce 57 2/65 6/75 0} 8 6) 93 10 00 0} 113 10 22 2| i30°°6 | i42°'2 | 160° 6 
h 60,000} 24 Sit as eae 56 6 | 6410/| 75 O| & 8/| 93 2 00 0; 113 2 21 6] 129 10 | 141 6] 149 10 
000] 26 BS OL SD BE cccce 55 10 | 64 2/75 O| 8 2/| 92 6 00 0} 112 6 20 10 | 129 2) 140 10 138 a 
j 100,000} 28 a Sime Be cates 51 6| 64 7/75 0} 81 1/93 0 00 0} 114 7 18 0} 126 6| 143 0 54 10 
150,000] 34 1410/25 0146 9/55 1/| 63 5{[|75 O} 8 7] 91 11 00 0 }12 1 20 5| 128 9] 140 6] 148 10 
200,000] 38 15 5/27 014611] 55 3] 63 7/75 O} 8 6| 92 0 00 0 13 9 22 1/130 5] 143 0; 151 4 
250,000] 40 18 1/|30 0147 5/| 55 9] 64 1/75 O} 8 5); 93 9 00 0; 115 1 23 5} 131 9/ 140 1/] 153 1 
300,000] 40 23 11 | 34 01 49 4] 57 8] 66 O| 75 O} 87 4/95 8 00 @}| 117 0 25 4/133 8] 142 0/| 155 O 
400,000] 46 22 9 | 3411148 10 | 57 2/65 6| 75 O} 87 8| 9 O 00 0; 118 2 26 6 | 134 10} 143 2) 157 3 
500,000] 50 23 9 | 37 0149 8158 O| 6 4175 O11 81 2) 88 6 90 O01} 112 8/121 1/| 129 41 146 O} 152 
H 600,000} 55 | 21 9| 39 7 
750,000] 60 22 4|42 4 
1,000,000] 60 35 0} 54 O 
1,000,000] 65 26 11 47 7 |\ Tower heights have not been standardized for these capacities and can therefore be built to sult the 
1,250,000] 79 17 4/43 4 requirements in each particular case. 
1,500,000] 7 37 8 | 60 g 
1,500,000] 79 24 0| 50 
2,000,000]90’ 3° | 22 6 | 50 0 




















Table III—Double Ellipsoidal Tanks 


Table IV—Railroad Type Tanks 
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Capacity in 
V.S.Gallom| D_ | _B c_|__| ¥_|_ capacty eee F 
50,000 |22'°-0" | 6’-10"| 9’-4” | 4’-4" |19’-6” in U.S. 
76,000 | »6’-0" | 7’-0” | 9’-0" | 5’-0” |21’-0” _— ht ft ft vs 
100.000 | 28-0" 7’-0" t1’-1° — ss: ° " in. . n. 
160,000 |34’-07 | 10’-0" | 8’-8" | 6’-10"| 26°-6" 20,000| 15 |10 9/116 2] An 
200,000 | 36’-0" | 9°-0" | 12°-11°| 6°-9" | 28°-8") Buin 25,00 5 | 14 7/19 11] height 
250.000 |40’-0" | 10’-4" |11'-7” | 7’-6" | 29°-5 30,006 7 2 7| 19 0| from 
275,000 | 40’-0” | 11’-11" | 13-9” | 7’-6" |33’-2"/ |, 40,000 | 19 3 1 | 20 6 | 15’ 6° 
300,000 |30’-0"| &’-7" |17’-11"| 7’-6" |34’-0” 50,006 1 3 1 | 21 1 to, 
350.000 | 44’-0" | 14’-8" |13’-10"| 8’-0" |36’-6"| ,.,.,  $9.000 | 28 | 10 1133 101 “tn? 
400.000 |46’-0" |12°-2" | 14’-9% | 8°-8" |35°-7" 100, 8 | 13 5 | 23 71 mu- 
500,000 50’-0” | 15’-0” 14’-6" bp 9 39°-2" 1 ‘ 8 4 2 34 7 tiples 
600,000 |55’-0" | 14’-4"_ | 14’- 10’-0” | 38’-4” ¢ 36 5 1 2 of 
760.000 |60’-0” | 16’-11"|12’-7” |11’-6” |40’-0 250000 8 7 3 | 33 3] 8 0° 
1.000 nnn |aR’-0” | 917-8" 1157-9" 111’-0” | 48'-5” Y 38 23 11 | 38 3 
J 
Table V—Toroidal Bottom Tanks Table VI—Steel Reservoirs 
MLE ‘ ee Capacity 
D Capacity Test Dime, (D) H in U.S. Diameter Height 
~ a wo, v=20'0" yess’ 0° V=30'0? V=35' 0" Gallons ft. = in 
md 50,000 20 | 21 é 
60,000 2 21 . 
» pn. milf. milf. milf tm, 75.008 be 1H : 
73 2 66 8 61 8 100,000 26 26 6 
o4 $ 8 3] 7 #9| 71 «=O 150,000 30 28 9 
105 4] 94 O| 8 8| 79 2| Built 200,000 34 29 9 
15 2/102 9/| 93 9] 8 8 to 250,000 38 29 9 
132 8 | 118 5 | 108 0 99 11 | Order 300.000 42 29 3 
148 0 132 3 120 7 111 6 400,000 46 32 é 
162 O| 144 =§$|131 41)122) 1 500,000 50 34 : 
186 81166 9/1152 $2)140 9 750 800 $0 38 ; 
208 6/186 31169 11)157 3 Y 
1,000,000 70 35 0 
1,500,000 80 40 3 
2,000,000 95 33 3 
2,600,000 110 a6 ‘ 
3,000,000 120 rT 9 
4.000.000 126 40 4 

















CHICAGO BRIDGE & IRON COMPANY 


Chicago 4 - ...+2198 McCormick Bidg. ar 1646 Hunt 
New York 6 3390-165 Broadway Bldg. Houston 1.... ++++++++5615 Clinton pp 
Cleveland 15 2262 Guildhall Bidg. Philadelphia 3. . 1644-1700 Walnut Street pia. 
Los Angeles 14 1455 Wm. Fox Bidg. Washington 4... seeeeeeee +703 Atlantic 
Birmingham 1 1586 North 50th St. San Francisco 5....... . - 1283-22 Battery St, 
Atlanta 3 2181 Healey Bidg. Detroit 26.........++++++.++++-+-1551 Lafayette 


Plants in Birmingham, Chicago and Greenville, Pa. In Canada: Horton Steel Works, Limited, Fort Erie, Ont. 





Se ne 


E design, fabricate and erect Horton elevated 

water storage tanks, flat-bottom steel reser. 
voirs, Waterspheres, gasholders, pressure vessels 
and other steel plate work. Water works engineers 
and municipal officials planning modernization pro. 
grams or extensions to existing water distribution 
systems are invited to write our nearest office for es. 
timating figures on the installation of these products, 


ss = oO 6 Ob 


= = Ss Se 


Horton Radial-Cone Bottom Tanks 


The radial-cone bottom design en- 
ables us to build large-capacity ele- 
vated tanks with a low range in head. 
Tanks of this design are built in 
capacities up to two million gals. 
with a range in head of only 25 ft. 
The radial-cone design can also be : 
used economically where a range of § ba a 
30 to 50 ft. is permissable. This de- 9% . n 
sign can be varied in appearance by ; s 
the use of a cone, dome or ellipsoidal q X 
roof. The table below shows standard 
sizes for radial-cone bottom tanks. 
STANDARD RADIAL-CONE SIZES 


Capacity Diameter Depth 
_ : (Gallons) of Tank of Tank 
Above: A 1,500,000-gal. radial-cone bottom tank at —— -— 
Indianapolis, Ind. This tank has cylindrical columns. The 500,000 ae 
¥ . . ~ 750,000 ' 
tank shown at the right of the table is a 1,500,000-gal. 1,000,000 87’ 
radial-cone bottom tank with a balcony and structural 1,500,000 106’ 
og Y) A 2,000,000 122’ 
columns. It is located at Manitowoc, Wisconsin. cae 





A booklet is available, showing various 
sized radial-cone bottom tank 
installations. 





Horton Ellipsoidal-Bottom 
Elevated Tanks 


Ellipsoidal-bottom tanks have a relatively large diameter and 
shallow depth which gives the structure pleasing proportions and 
reduces the variation in pressure between the upper and lower 
levels. They are built of welded construction with ellipsoidal 
roofs and cylindrical columns. Riveted designs with structural 
columns are also available. The riser on an ellipsoidal-bottom 
tank is connected directly to the tank bottom. There is no expan- 
sion joint to require inspection or packing. In nothern climates 
the diameter of the riser is increased to prevent freezing. r 





The Horton ellipsoidal-bottom tank shown at the left holds 
50,000 gals. It is located at Tuscon, Arizona. 


WELDED ELLIPSOIDAL-BOTTOM TANKS 


Capacity = ______——sCr TANK DIMENSIONS — ata 
Shell | Depth in Roof| 

U. S. Gallons Diam. | Height and Bottom Range _ 
50,000 22’0” 11’0” | | 19’0” 
60,000 24’0” ih 19’0” 
75,000 26’0” 11’0” : 21’0” 
100,000 28’0” 14’0” ’ 24’0” 
125,000 30’0” 16’0” | : 26’0” 
150,000 32’0” 15’0” 27'0” 
36’0” 16’0” 28’0” 
40'0” 15’0” 29’0” 
42'0” 31'0” 
} 46'0” 34’0” 

500,000 50’0” | 














HORTON ELEVATED WATER STORAGE TANKS 
WASH WATER TANKS .. . FLAT BOTTOM STORAGE TANKS = 


W. & S. W.— REFERENCE & DATA — 1946 





CHICAGO BRIDGE & IRON COMPANY 





Chicago 4 --2198 McCormick Bidg. 1646 Hunt Bidg. 

Ms New York 6 3390-165 Broadway Bldg. Houston 1 5615 Clinton Dr. 

r. Cleveland 15 2262 Guildhall Bldg. Philadelphia 3 1644-1700 Walnut Street Bidg. 
dg. Los Angeles 14 1455 Wm. Fox Bidg. Washington 4 703 Atlantic Bidg. 
ds. Birmingham 1 1586 North 50th St. San Francisco 5 1283-22 Battery St. Bidg. 
| os Atlanta 3 --2181 Healey Bldg. Detroit 26 1551 Lafayette Bidg. 
. ; Plants in Birmingham, Chicago and Greenville, Pa. in Canada: Horton Steel Works, Limited, Fort Erie, Ont. 
— 

Bins, Storage Pressure Vessels, Welded 

ated Breeching, Steel Reservoirs, Steel 
*ser- Chutes, Steel Receivers, Air 
sels Filtration Plants Smoke Stacks 

cers Flumes, Iron and Steel Standpipes 
pro. Gas Holders Steel Plate Work 
tion Hoppers, Steel Tanks, Elevated Steel 

es- Penstocks Tanks, Storage 
icts, 





Tanks, Surge 
Tanks, Washwater 


Pipe, Riveted Steel 
Pipe, Welded Steel 


Elevated Hortonspheroid 


In addition to our standard Horton radial-cone bottom 
tanks and ellipsoidal-bottom tanks we also design, fabricate 
and erect structures of special design to meet specific 
municipal requirements. The 1,000,000-gal. elevated Horton- 
spheroid shown at the right is located at Jonesboro, Ark. We 
will be pleased to discuss the advantages of various designs 
of elevated tanks with you—without obligation. 





The Watersphere 


These modern, stream- 
lined elevated water stor- 
age tanks consist of a 
sphere supported by a 
single column. Water- 
spheres ranging in size 
from 40,000 gals. to 250,- 
000 gals. have been built. 
The Watersphere at the 
left holds 60,000 gals. and 


Flat-Bottom 


— 


Water Storage 
Tanks 


We build flat-bottom 
water storage tanks in any 
diameter and height to 
meet your requirements. 
The flat-bottom tank shown 
at the right holds 25,000 
gals. and has an ellipsoidal 


7 2 ee meee on 


een mai apenas mo 





nd provides gravity water roof. It is used for water 
nd pressure for a portion of storage at Kent, Ohio. 
er the water supply system at 
al Gadsden, Alabama. 
al 
Mm 
n- 
_ Hortonspheres, 
Sewage Gas 
ds Holders 
Sewage disposal plants 

have proven that the utili- 

zation of gas produced in 

digesters for power and 

heat is an economy-wise 

practice. Hortonspheres are 
| used to store the excess = 
| gas for use when gas pro- Horton Steel Reservoirs 
duction is low. The Hor- In hilly areas natural elevations can sometimes be used 
| tonsphere shown at the left to provide gravity water pressure in a municipal water 
is used for this purpose at supply system. We build flat-bottom steel reservoirs for this 
| the sewage disposal plant type of service. These reservoirs may be of standard design 
at Beaver Dam, Wisc. It or built specifically to meet your requirements, The reservoir 
is designed for 40 lbs. per shown above holds 1,000,000 gals. and is located at Hermosa 
4 sq. in. pressure. Beach, California. 
——— 
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R. D. COLE MANUFACTURING CO. 


Est. 1854 
Tanks, Towers, and Steel Plate Work 
NEWMAN, GA. 


5,000 TO 2,000,000-GALLON WATER TANKS 


All shapes and sizes—The R. D. COLE MANU- 
FACTURING CO. has developed a complete line of 
elevated steel tanks for water supply, both for 
domestic service and sprinkler requirements, ranging 
in capacity from 5,000 to 2,000,000 gallons. 


The designs include the standard Hemispherical 
Self-supporting Bottom, the “Cole Ovaloid,” Stand- 
pipe and many individual 
styles involving architec- 
tural treatment to satisfy 
local conditions, or to pro- 
vide special shapes for ad- 
vertising purposes. 


STORAGE TANKS 


Pressure tanks for storage 
of gas from digesters at 
sewage disposal plants so 
that excess output at peak 
loads can be used during 
off-peak periods. Chemical 
storage tanks, hot water 
storage tanks, tanks for 
bulk storage of oils and gas. 
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Designs Available for Any Service 








1,000,000-Gallon "Cole-Shallow Depth" Tank 

















CONSTRUCTION FACILITIES 


Fabricated Steel Plate—The R. D. COLE MANU- 
FACTURING CO. has a fully equipped plant for the 
fabrication of riveted or welded steel plate. In ad- 
dition to the construction of its regular line of hor 
zontal return tubular boilers, oil storage tanks, 
tubular heaters, etc., the company is prepared te 
construct special tanks and apparatus of any spect 
fied metal plate. 











Alloys and Lining for Processing Apparatus—The 
facilities and experience of the company enable tt 
to fabricate special apparatus of all kinds for the 
processing industry using alloy steel plates, stait- 
less steel, nickel-clad steel, etc., or linings such @ 
lead, tin, nickel or Monel. 
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ELEVATED 


STORAGE 


The Value of Elevated Tanks on Water Supply Systems 
By CHARLES BROSSMAN 


Late Consulting Engineer,* Indianapolis, Ind. 


In many cities the advantages of elevated water storage has 
been recognized, usually with considerable return on the invest- 


ment. 
On closed water systems without some form of storage facili- 


ties, where centrifugal pumps are in service, the pumps are usually 
igstalled large enough to take care of peak loads. It is quite 
evident that, with a pump available to take care of such peak loads, 
on the lighter loads (especially at night), the pump drops off 

tly in efficiency, as does the motor. Such day in and day out 
waste of power mounts to an appreciable sum as time passes, until 
losses overbalance the costs of providing storage on the system 
_in instances many times over. 

For instance: Assume a modern pump operating at full load 
diciency of 70%, and motor at 90%. The unit will give a com- 
bined efficiency of 63%. This pump on the lighter loads, with a 
drop in efficiency of 50%, and the motor at 80%, gives a com- 
bined efficiency of only 40%, a difference between the two of 
23 points. 

It is readily realized that with such a condition recurring daily, 
the power consumption may be surprisingly increased for the 
year. Not alone such current waste, but if power is being pur- 
chased with a maximum demand charge on the motor size the rate 
will be increased due to this factor, for the reason that the pump 
motor must be large enough to take care of the peak load. On 
the other hand, an elevated tank will allow more uniform pump- 
ing, the pump and motor size can be reduced, thereby reducing 
the costly demand factor. 

Another very evident disadvantage is that pressure is lost imme- 
diately whenever pump service is interrupted for any of several 
possible reasons. In case of fire such is disastrous. In any case, 
the public served is paying a penalty in insurance rates where 
pressure storage is not available on the system. 

Furthermore, another advantage from elevated storage is that 
any pump on the line can be used at its maximum output, and 
with a correspondingly maximum efficiency. Putnps, therefore, 
can be purchased for use with elevated tank service over their 
maximum range of efficiency, with assurance that such efficiency 
can be realized in every day operation. 

Another advantage is uniform pressure. With an elevated tank, 
automatic regulating control is available, whereby the tank varia- 
tion in head may be kept within a few feet, thereby giving abso- 
lutely uniform pressures under all conditions of draft on the sys- 
tem. Particularly advantageous are elevated tanks in outlying 
districts, to reduce pumping costs and render better service pres- 
sures and flow. It is hardly necessary to indicate that more water 
will be used, in consequence, and a higher income enjoyed by the 
water utility. 

_ In considering the values of elevated tanks for water storage 
it is apparent that there are a number of advantages. 


Power Saving Case Records 


The first advantage, that of saving in power cost, is the most 
appealing and in practically all cases a considerable saving in 
power will result. As a concrete example we may take the experi- 
ence of a small plant in a town of 1,100 with which the writer 
is very familiar. 

The ‘Town of Albion, Indiana, had a water consumption of 
approximately 50,000 gallons per day. In this case an elevated tank 
was installed, the total cost of the tank being approximately 
$7,200.00. The power used before installing this tank, on the 
closed system, was approximately 1 KWH for 530 gallons; after 
the tank was installed, pumping was approximately 1 KWH for 
1,050 gallons. This proved a spectacular attainment of cutting 
power consumption in half, but there are other Albions scat- 
tered over the country. 

In this particular case, the tank will be paid for in less than 
IS years by the saving in power bills alone. If the rate of con- 
sumption increases the time will be shorter, of course. 

Here is a point of considerable interest in this case. Albion 


uj, Excerpts from a paper written by Mr. Brossman shortly before 
is death. Tt was presented before the Indiana Section of A.W.W.A., 


has its own generating plant. and the total cost of power is 
considered at 3c per KWH, including all costs. A careful check 
on all costs and power used still indicates the investment well 
justified. One reason is found in the fact that fire protection is 
now supplied with the small 200 G.P.M. pump and the large 
steam fire pump is no longer maintained as a ready to serve unit 
with fire in the boiler. Steam, however, can be had from the 
municipal power plant in case of necessity, and the pump is still 
available. 

Another example is found in the City of Goshen, Indiana, where 
there has heen installed a 500,000 gallon tank. The old plant was 
steam driven. About six years ago, the city installed a modern 
Diesel lighting plant, but only two of their deep well pumps were 
electrified at that time. The boilers had to be kept going at all 
times in the old steam plant, in order to have available suitable 
fire protection. In this case. a P.W.A. loan made it possible for 
Goshen to electrify its water works system. The city now has 
eight electric driven deep well pumps, and a new half million 
gallon tank. The loan by P.\W.A. was negotiated on the basis of 
anticipated savings resulting from abandonment of the steam 
plant. 


The cost of pumping for the old system on which boilers had 
to be kept up at all times, was given at approximately 8.3c per 
thousand gallons, which of course, was high, but the equipment 
was old, and used air lift pumps and double pumping, except for 
the two electric driven pumps. 


It is estimated that the actual electrical pumping cost would be 
in the neighborhood of 1.2c per thousand gallons, and total cost 
at 2.2c per thousand. To take advantage of the potential saving 
(about 6c per thousand) an elevated tank had to be installed. 

The old standpipe was not adequate for the demands, as the 
upper portion of this standpipe did not store very much water. 
The new elevated tank, of one-half million gallons. was installed 
some distance from the plant and on the opposite side of the city. 

The entire pumping equipment is automatically controlled, there 























The 50,000 Gal. Tank of Albion, Ind. 
Will pay for itself in less than fifteen years. 
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being two automatically controlled pumps at 
the tank site (about 1.5 miles from the main 
station), and six automatically controlled 
deep well pumps at the main station, each 
pump having a capacity of 500 G.P.M. Any 
pump can be manually started or stopped by 
push button control from the main plant. 
Results at Goshen 


Merle J. Miller, Superintendent and Man- 
ager of the Goshen plant, has made it possible 
for me to take the following from his report 
on the Goshen betterments. 

“With a stand-pipe of the small capacity 
that we had previous to the erection of our 
new elevated tank, our water circuits were 
only fairly stable, but since the additional 
storage capacity has been added to our sys- 
tem, it has made a wonderful change in our 
water pressure charts as there is more cush- 
ion and no surge anywhere along the line. A 
number of charts taken at the elevated tank 
location have been absolutely perfect from 
the standpoint of surges or variation in pres- 
sure. We tound before, especially with the 
steam pumping equipment, that we could de- 
tect each pulsation of the steam pump, as our 
standpipe capacity, at that time, was not 
enough to cushion the whole system properly. 








Comparing the old system as against the new 
system for uniform pressure, there is a vast 
difference. From the new system, if given 
any attention at all, we get a chart of uniform 
pressure, with as little variation as one 
pound. 


“We also find a marked difference in the circulation of the 
water in districts where we had frequent complaints during the 
warm summer months against the warm stagnant water.” 

From the foregoing, it will be seen that in any plant that does 
not have an elevated tank, or if they have a standpipe of very 
small capacity, with very little water available in the upper sec- 


tion, the modern type of elevated tank, with all of the storage at 
the proper level, will almost invariably result in a financial saving, 
as well as give the other advantages which accrue to it. 


Concerning Fire Protection Requirements 


The relation of the elevated tank to fire protection is one of 
the important factors that should not be lost sight of. Modern 
elevated tanks, as compared to old standpipes, are much different 
for the available capacity for fire fighting facilities, as credit for 
water in a standpipe is only allowed for the top sections. Modern 
tanks, as now designed, keeps the water level to within a few feet 
variation, dependent more or less upon type of regulating control 
on the electric pumps. 

Fire flows should not be confused with the total daily flow or 
capacity. For instance: if a town has a total available supply and 
storage based on a 24-hour period the fire flow will usually be 
based on a 5-hour flow for communities of 2,500 and less, which 
means that they will need 4.8 times the average consumption 
capacity as storage capacity for fire. For cities above 2,500 the 
multiplier will be 2.4 times for fire storage, as against consumer 
use storage. Such is based on a requirement of capacity for not 
less than a 10-hour period of continuous fire flow. 

The fire flow requirements for average cities are given by the 
Underwriters, as follows: 

Required Flow 
Population (G.P.M.) 


ee 1,000* 
. 1,500* 
2,000 
2,500 
3,000 
..- 3,500 
..... 4,000 
.-- 4,500 
. 5,000 
6,000 
.... 7,000 
.... 8,000 
. 9,000 * 


*For 6 consecutive hours flows for 10 consecutive 


hours. 


higher 
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One of the Two 1,500,000 Gal. Tanks of Indianapolis 
A leafy green and silver structure which constitutes a study in “neighborhood- 


treatment” of water towers. 


Therefore, in selecting the tank the fire flow for the period 
required, according to population, is the primary consideration, 
To this must be added the domestic consumption. 

This amount indicated is then balanced against the available 
low lift capacity of the pumps, such as wells or filters, also the 
ground storage capacity. The total low lift and ground storage 
capacity is then determined. 


The second step is to figure the high lift pump capacity and the 
elevated storage capacity. 


After these two quantities are known, they are compared to the 
required fire flow and domestic flow over the 5 or 10-hour period 
as the case may be. This will then give the ideal condition in 
installed pumping capacity and tank size. 


In case these conditions are not met, if there is a deficiency in 
pumping capacity or storage on either the low lift and ground 
storage or high lift and elevated storage, this deficiency will be 
taken into account in the making of rates. 


It should be clearly kept in mind that the total 24 hours avail- 
able capacity is not what is considered by the Underwriters. They 
base the capacity wholly on the fire flows listed for the period 
of hours noted. 


Concerning Tower Heights 


The matter of pressure from elevated tanks should not be lost 
sight of, as various pressures are required for certain types of 
buildings, according to the size town and construction there 


One of the outstanding tank installations in this country, is 
that installed by the Indianapolis Water Company. 


This large tank is located in the eastern section of Indianapolis 
which is approximately 100 feet higher than their main pumping 
station. With this long line of pipe, and the ensuing friction losses, 
pressures were previously very low in this district. It was decided, 
after considerable study of ground as elevated storage, to erect 
an elevated tank with 1,500,000 gallons capacity to serve the 
approximately 64,000 people in this district. This tank has resulted 
in great improvement in pressure and supply, with an ensuing 
satisfaction to the water consumers. 


This tank is the largest one in the state of Indiana on a public 
water supply, the tank being 72 feet to the bottom, and with this 
large capacity, having a range of only 25 feet between the upper 
and lower water levels. As the result of benefits noted the Water 
Company is undertaking a tank of like capacity in another section’ 


In conclusion, I would state that there are many plants # 
which a study of water storage as well as pump efficiencies cor 
nected therewith, would result in a marked saving in the oper 
tion of such plants. 
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CTICALLY all pumping units now 
being installed in water works plants 
sed of centrifugal pumps driven 

ic motors, steam turbines or in- 
1) combustion engines, and few plants 
ioday use reciprocating pumps. Experience 
with centrifugal pumps has now been suf- 
cently extensive for operators to know 
may of their peculiarities; yet there are 
‘eqtres connected with their use that are 


yorthy of review. 










Setting of Pump 


The setting of the pump is perhaps one 
of the most important matters, as it may 
asily account for any later defective 
wperation. It is, of course, well known that 
she pump should be set as little above the 
yell level as possible, and it is usually 
oreferable to have it below this level 
(except for the difficulty of unwatering it) 
{ for no better reason than ease of prim- 
ing and freedom from the foot valves on 
the suction line. That the pump is unduly 
gasitive to suction conditions is a matter 
of general experience, and long and 
ooked suction piping is to be avoided. 














The author has made tests on the effect 
of foot valves, which showed that resist- 
ance in these might cause a high vacuum 
a the suction flange of the pump and a 
wrresponding decrease in_ discharge. 
Jour. AWWA, 37:70 (1945)]. High-suc- 
tion vacuum naturally induces air leakage 
into the pump through the glands, and also 
releases whatever air there is in the water 
ieing pumped. In order to investigate the 
dfect of air leakage, a number of experi- 
ments were run on a 4-in. pump, in which 
various volumes of air were admitted into 
the suction pipe after carefully sealing the 
gands so that leakage was practically 
stopped there. 



















In this pump the percentage decrease in 
discharge at a given head was roughly 
proportional to the percentage, by volume, 
of air admitted, so long as the latter re- 
mained below about 1.5 per cent (see Fig. 
1); but thereafter the water discharge fell 
of very rapidly until there was a decreased 
discharge of over 40 per cent when 4 per 
cent of air, by volume, was admitted. This 
merely confirms the well-known fact that 
at low suction lifts, and consequently low 
ar inlet leakage, the exact elevation of the 
pump is not so important. There is a 
critical elevation for each pump and condi- 
tion, however, and if this is exceeded the 
lss of water increases at a rapid rate. 
Clearly the height of the pump above the 
well level should be kept substantially below 
this critical elevation. 














Specific Speed 


_ Fortunately the importance of this matter 
§ now recognized by the pump builders, 
and they have found that for each head, 
discharge and speed there is a maximum 
height above the well at which each pump 
should be set. These three quantities are 
combined in a formula for “specific speed” 
which is defined by: 


Specific speed = N X V G/H*™ 


where N is the revolutions per minute, 
G is the discharge in U. S. gallons per 
minute and H is the head in feet. 












CENTRIFUGAL PUMP PECULIARITIES* 


By ROBERT W. ANGUS 
Consulting Engineer, Toronto, Ont. 


Pump builders have co-operated in con- 
necting the specific speed and head with 
the maximum allowable suction lift, bas- 
ing their conclusions .on laboratory tests 
and on experience with pumps which they 
have installed. Through the Hydraulic 
Institute they have given these maximum 
elevations in the form of diagrams, separate 
ones being used for single-entry pumps, 
for double-suction single-stage pumps, etc. 

As an illustration, there are four double- 
suction single-stage raw water pumps at 
the Victoria Park pumping station, Toron- 
to, Ont., rated at 24, 30, 48 and 60 med., 
respectively, all of them for 9-ft. suction 
lift and for a total head of 82 ft. The two 
larger pumps operate at 750 rpm., and 
if this speed had been adopted for all four 
pumps, their specific speeds and maximum 
suction lifts, including velocity head and 
friction in the suction pipe, would have 
been as shown above in the Institute’s 


at such a discharge (and in its vicinity) 
and the higher the suction lift the lower 
this limiting output is. It is to avoid too 
close an approach to this point that the 
charts reproduced have been made. Noise 
in a pump operating near this limiting 
point may often be stopped by the admis- 
sion of a very small volume of air to the 
suction pipe. 

[Ed. Note—Indeed an interesting and 
illuminating statement in view of the gen- 
erally held misconception that cavitation, 
with its noise of pebbles or buckshot 
passing through the centrifugal casing, is 
due to air within the casing. On the con- 
trary, it appears that the noise is due to 
partial vacuum within the casing which is 
relieved by admitting air.] 


Power Failures and Water Hammer 


Power failures on motor-driven centri- 
fugal pumps present some problems. A 





chart. check valve is usually placed on the line 
Sie 8 A I, ORR, TADS viaasicdiocaunceccdenasceese 24 30 48 60 
See SNE Oe Fe Cin ceciccnsncancccccsvessccstes 3545 3970 5010 5610 
Maximum allowable suction lift, ff...............e000- 18 15 5 ite 
Necessary suction pressure, ft.......csecscccsccceccees es % a 5 
Seacihic speed Ot SOD Pps occc cccccccccccccccccosccens 3340 3749 
Maximum allowable suction lift, ff..............0.0000. 20 17 








Since the velocity heads in the two larger 
pumps are 2.3 and 2.1 ft., respectively, and 
since friction must be allowed for, it is 
clear that, while there is a margin on the 
two smaller pumps when run at 750 rpm., 
the two largest pumps could not be run at 
this speed and had to be changed to 500 
rpm., which is the next available speed. 

Setting pumps too high not only causes 
them to lose capacity, but also means noisy 
operation and cavitation, which is frequent- 
ly destructive. As the capacity of a pump 
at fixed speed is gradually increased by 
lowering the discharge pressure, a point 1s 
finally reached where the characteristic 
curve is nearly vertical, which point natur- 
ally corresponds to the limiting output of 
the pump. Cavitation and noise are present 
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Fig. 1—Decrease in Discharge of Cen- 
trifugal Pump Due to Admission of Air 
Into Suction Pipe in Various Amounts. 
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close to the pump, and if this acts slowly 
there is backward flow through the pump 
which reverses its direction of rotation 
unless specially prevented. If the check 
valve does act rapidly, however, water- 
hammer pressures are often excessive, re- 
sulting in damage to the plant. A number 
of cases of the latter have recently come 
to the author’s attention. 


Water hammer, contrary to a common 
belief, is also often dangerous in low-head 
pumping. The author made some tests on 
a 12-in. pump working against a 55-ft. 
static head, with a discharge line only 
about 350 ft. long, and recorded the pres- 
sures with a Crosby indicator with a 30-lb. 
spring. When the switch was opened the 
pressure drove the indicator pencil off the 
top of the drum, indicating a pressure of 
more than 60 psi. and the first pressure 
wave measurable showed 50 psi. or a 115- 
ft. rise. As stated, this was a short line 
and the pipe velocity was under 4 fps. 
However, in another case where the static 
head was 40 ft. and the line was over 2,000 
ft. long, the pressure rose to 83 ft. with 
normal pipe velocity of slightly over 7 fps. 
In both cases the pressure rise was high 
enough to cause some anxiety, which was 
further aggravated in the first case by the 
noise and shock plainly observed at the 
pump, while in the second case there was 
no apparent shock on the system. In the 
first case, the maximum pressure rise 
occurred 2.6 seconds after cutting off the 
power, whereas it took 13.0 seconds in the 
latter case. 

Short lines are sometimes more danger- 
ous than long ones, because in the latter 
the water takes an appreciable time to 
slow down before coming backward, there- 
by giving the check valve time to close 
gradually and prevent any real reverse 
flow of the column. In short runs of pipe 
the water column reverses in much less 
time, as the above measurements show, and 
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actually before the check valve has had 
time to close. Thus the water gains a high 
backward velocity, suddenly closing the 
check valve with a slam, and producing 
high pressures. The maximum pressure 
rise, in feet, reaches about one hundred 
times the velocity of the water in the pipe 
at the time the valve suddenly closes. 


Air Chambers vs. 
Properly Closing Check Valves 


Sometimes an effort is made to decrease 
the danger by using an air chamber, but 
this is far from the best method and does 
little good unless the chamber is placed on 
the line near the pump and has a large 
short connection with the pipe. Air cham- 
bers connected to the line with a fairly long 
branch pipe are of little value and, of 
course, any virtue the device has will be 
lost unless there is a good volume of air in 
the chamber under normal conditions. A 
well-designed check valve, with a proper 
controlling mechanism which permits the 
sreater part of the closure to be rapid 
and the latter part gradual, offers a good 
solution, and a number of such valves are 
now on the market. It is a fact that unless 
the pump is equipped with a heavy fly- 
wheel, as is sometimes the case, the pump 
will often run backward before the check 
valve closes, but, in general, the reverse 
speed is not over 20 per cent higher than 
normal running speed and is not dangerous 


from that standpoint. 

In many installations 
the unit causes little di 
sleeves are screwed on the shaft and pass 
through the packing gland, the builder 
usually makes the thread so that during 
pumping the tendency is to tighten the 
sleeve against the impeller. If the glands 
are tight, then when the pump runs back- 
ward the sleeves may unscrew, and cases 
are not unknown where the pump has been 
damaged by breaking off the bearing 
bracket. With the sleeve unscrewed the 
impeller is not properly restrained from 
moving along the shaft and this further 
increases the danger of damage. 


reverse rotation of 
fficulty, but where 


Pumping Plants 


There are some unusual installations, one 
of which may be mentioned as an illustra- 
tion (see Fig. 2). A very large size pump 
with a vertical shaft was set up with 40 ft. 
of vertical discharge pipe followed by a 
long horizontal line. The pump was nearly 
20 ft. below the water in the well so that 
no priming was required, but there were 
nearly 800 ft. of horizontal suction (intake) 
pipe in which the velocity was 5.9 fps. at 
steady operation. It was inconvenient to 
place the discharge valve close to the pump, 
and it was actually installed just beyond 
where the horizontal and vertical pipes 
joined. There was no valve of any kind 
on the suction side. In the installation 
shown diagrammatically in Fig. 2 the dis- 
tance (A) was nearly 20 ft. 

Following common practice, the motor 
switch was thrown in with the discharge 
valve closed, and just as the valve started 
to open when the pump was up to speed, 
a pressure shock cracked the pump casing 
This might have been foreseen, because, 
when the pump was shut down with dis- 
charge valve closed, water in the vertical 
discharge pipe quickly fell to the well level. 
leaving a space filled with air in the dis- 
charge line between the well level and the 
valve. On starting the pump against the 
closed valve the air was compressed to 
about discharge pressure, and as the valve 
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Gate Valve 

















Se 


Fig. 2—Unusual Pump Arrangement That 
Resulted in Heavy Water Hammer Pres- 
sures Until Vacuum Pump Was Installed 
to Exhaust Air from Discharge Pipe and 
Fill It with Water Before Starting Up. 





began to open the air rushed out of line, 
allowing the water to reach full velocity 
in the vertical pipe. As the front of this 
water column reached the partly open 
valve the velocity was largely extinguished 
and a heavy water hammer pressure re- 
sulted. Since it would have been very ex- 
pensive to lower the discharge valve, the 
only remedy was to put in a vacuum pump 
and exhaust the air, in order to fill the line 
with water before starting up. 

The long horizontal suction pipe greatly 
complicated the problem, for the water 
would be drawn from the pump end of it 


before the column could be sufficiently ac- 
celerated to supply the demand, and water 
hammer pressures would be set up in the 
pump from this cause. A well should 
always be close to the pump (or the pump 
located close to the well) to supply the 
water demanded while that in the intake 
line is being brought up to running velocity. 

Where several pumps are to work in 
parallel on the same line, their character- 
istics should be given careful consideration, 
otherwise their actual output may fall far 
short of the sum of their individual de- 
liveries. In Fig. 3 are shown the charac- 
teristic curves of two actual pumps, A and 
B, in the same station, their individual 
normal operating points being indicated by 
G and J. If these two pumps are thrown 
on the line at one time their combined 
characteristic is shown by the plain curve 
found by adding the discharges of A and 
B at the same pressure in each case. The 
static head, corresponding to the tank level, 
is shown at D, and the curve C indicates 
the dynamic head to be pumped against, 
the vertical distance between D and C cor- 
responding to the resistance loss for the 
corresponding discharge. 








It is to be noted that, while the 
the separate discharges at Tated hea : 
180 per cent of the discharge of thee P 
pump, yet when both are Put on the & 
at the same time the combined dis , 

at F is only 133 per cent of that of 

larger pump, because of the iner - 
pressure. Where the individual a 
teristic curves are flat this decree 
greater than with steep curves oan " 
slight increase in pressure corresponds « 
a large decrease in discharge, put ’ 
other hand, a pump with steep ee te 
istic at the normal output Point ry 
rapid decrease in pressure for discharg, 
above normal, so that other circumstan. 
must be taken into account. -_ 
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Propeller-type Pumps 
For Low Head Duty 


Propeller-type pumps are bej 
duced to a fairly large extent mop 
field where the head is low and the g. 
charge is large. Centrifugal pumps vd 
used in this service, but must be ae 
slow speed and involve the use of a speed 
reducer or an expensive and bulky motor 
whereas the propeller-type pump is relp. 
tively small and may be run at the speed 
of the ordinary motor. Its field of Service 
is for drainage and sewage work and for 
pumping water up to water works filter: 
but the same type of pump is also used 
for deep wells because its small diamete 
enables it to be fitted inside ordinary pip 
casing. 

As so far developed, these pumps hay 
the undesirable characteristic forms 
curves, where the head and power at zer 
discharge and at full speed are higher tha, 
and sometimes twice as high as, the cor. 
responding quantities at rated discharg 
and the curves generally have the reverse 
form. Usually the pressure is not high 
enough to cause any trouble, but the high 
power means a_ correspondingly larg 
torque on the motor, which the latter ma 
not be able to produce. Therefore either 
special starting devices are necessary o 
the pump must not be brought up to speci 
with a closed discharge valve. With; 
check valve on the discharge and an ope 
gate valve, the head developed canns 
exceed the back pressure from the line, and 
this is one effective method of starting thi 
is used. Also a bypass is sometimes a 
ranged around the pump, having a vale 
which may be opened so as to allow som 
water to flow through the pump, the 
avoiding the zero discharge condition. 







































Deep Well Pumps 






_Deep well pumps must be as small i 
diameter as possible so that they will ft 
into the well casing, and for that reasm 
they approach the axial-flow type wit 
relatively small head per stage, althoug! 
the high motor speeds somewhat compe 
sate for this. However, for the high 
heads many stages are used, and guitt 
vanes are placed between each pair @ 
impellers. Both open and closed impellers 
are used, but the latter are the more com 
mon. The driving motor is often plactt 
at ground level, and the pump is usual 
submerged in the well water to avo 
priming, but since these wells are som 
times 200 ft. deep, the driving shaft § 
long and has to be guided at various polit 
at which rubber-lined guide bearings # 
often used with water lubrication. 

Some builders, such as Byron Jacks 
couple the motor to the shaft as in ort 
nary installations, and the motor is thet 
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fort submerged in the well water and often 
; actually located below the pump. 

_ wer failures on these pumps, where 
the satel pipe is long, result in back-flow 
ihrough the pump and cause the pump to 
am in the reverse direction, but most 
pumps of this type are designed to with- 
¢and this without damage. However, the 
surges in the pipe during reverse flow of 
the water affect the pressures in the pump 
io such a degree that open impellers may 
be forced to pound down against the cas- 
ing and wear somewhat rapidly. Some 
yilders arrange a ratchet or a brake on 
the pump shaft to prevent the latter from 
turning backwards. 

Where both motor and pump are sub- 
merged and completely enclosed, it is diffi- 
cult to tell whether the electrical connec- 
ions are such that the pump is running 
backwards, and in three-phase circuits it 
is well known that the connection for for- 
yard rotation can only be found by trial. 
If it is impossible to tell by visual inspec- 
tion whether the pump runs backwards or 
not, about all that can be done is to read 
the discharge gage pressure; if this pres- 
sure at no discharge is very much below 
the normal working head on the pump, 
the motor and pump are, in all probability, 
running backwards. 


Miscellany and Summary 

Noise accompanied by cavitation damage 
in pumps is frequent if the pumps are set 
high above intake water level. The same 
results are noticed when the discharge is 
low, due to either reduced speed or in- 
creased head. Foot valves and strainers on 
the suction inlets may also induce these 


troubles and should be avoided where 
possible. 
Occasionally cavitation has _ seriously 


damaged impellers in less than two years 
but it is often quite possible to build up 
the damaged places and completely restore 
delivery and efficiency. Frequent inspection 
is necessary. In one case an impeller was 
covered with a thick coating of slimy 
material which decreased the capacity con- 
siderably. This pump was used partly for 
refilling the coagulating basins and was 
designed for about a 26-ft. head. When 
the water was low in the well its capacity 
fell off. A number of operators have found 
that high suction lift decreases output. 


Occasionally, noise in the motor gives 
the impression that the pump is at fault. 
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Fig. 3—Characteristic Curves of Two Pumps Operating in Parallel in the Same Station 
and Discharging Through a Common Header. 


Noise in the pump may frequently be 
greatly reduced by admitting air to the 
suction side, but this must be carefully 
controlled, as the capacity falls off rapidly 
as the admitted air increases. In some tests 
of one pump 4 per cent of air by volume 
reduced the capacity nearly 40 per cent. 

Putting several pumps in parallel on the 
same line decreases the capacity of each in 
a way that varies with the pump charac- 
teristics. There is, of course, increased 
friction in the discharge lines when more 
water is put through; and, as this increases 
the head on the pump, there will be a 
corresponding decrease in discharge. 

There is an objection to a common suc- 
tion header for several pumps, as air may 
leak through the glands on the idle pumps 
and interfere with those running. The 
suction pipe of each pump should run direct 
to the well as an independent line. 


Water hammer and pressure surges are 
common on lines having centrifugal pumps. 
Frequently a pressure surge lasting a short 
time occurs when a pump is put into serv- 
ice. Power failures cause extensive pres- 
sure oscillations which have been greatly 
reduced by special types of check valves 
with a controlled time of closure. Air 
chambers are not as satisfactory. 

The shape of the profile of the discharge 
main greatly affects water hammer in the 
line after power failure. In the 48-in. line 


in Toronto there is a point where the 
pressure drops much below atmospheric 


when power fails, and observations agree 
with the theory that the water column 
actually separates at this point. The use 
of a specially controlled check valve with 
4-in. bypass has prevented a dangerous 
pressure rise when the columns re-unite; 
the purpose of the bypass is to fill enough 
of the space with water before the velocity 
of the returning column from the reservoir 
becomes high enough to cause damage 
when it re-unites with the part of the 
column at the pump end. The actual maxi- 
mum pressure rise is only about 35 per 
cent and is reached in about 50 seconds 
where the pipe velocity is low. The pump 
is about 4,300 ft. from the breaking point 
of the column and nearly 8 mi. from the 
reservoir. 


Reversal of pumps after power failure 
has often been observed, but with no harm- 
ful results to the motors. A case has been 
reported, however, of an engine driving a 
centrifugal pump being damaged by run- 
ning backward. 


Aside from ordinary wear, the mechani- 
cal difficulties with pumps are not serious. . 
Some pumps have excessive end thrust, 
and where this is taken up by ball bearings, 
the latter run hot. Over-lubrication is 
known to increase the heating. Bearings 
are easily cooled with a small stream of 
water. Hydraulic balancing of end thrust 
is satisfactory where the pump is running 
under normal conditions. 











Te bend steel pipes, fill with dry sand and plug the ends. Heat 
to a red heat in the localities to be bent and then bend. Be 
sure that the sand is dry. Where bend are slight, it is often 
unnecessary to use sand. The object of sand is simply to keep 
the sides of the pipe from collapsing, or to prevent reduction of 
flow area. If wet sand is used, and if the ends are plugged, the 
pipe may burst when heated, due to the steam pressure generated. 
_ For the smaller pipes instead of sand resin is good. There 
is, however, a “right way” and possibly several wrong ways to 
use resin. An example of a wrong way was recently brought to 
my attention where the mechanic filled the pipe with resin, plugged 
the ends, and heated the pipe at the place where he wanted to 


HOW TO BEND PIPES 


bend it. 
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He watched for a “red heat” just as he would had he 
filled the pipe with sand. The result was a violent explosion. 

To use resin correctly, pour it into the pipe molten and allow 
it to cool and harden. 
pipe cold. Don’t heat it. Then after the pipe is bent, heat the 
pipe all over sufficiently to melt and remove the resin. 

Equal results may be secured by using lead instead of resin. I 
have been told that on cold days water has been used also. 

Many excellent mechanical devices are on the market for bend- 
ing pipe. To bend large, stiff pipe slightly (and inexpensively), 
there is nothing handier or more efficient, in my judgment, than 
a hydraulic pipe bender driven by a hand pump. 


As soon as the resin is hard, bend the 









AUTOMATIC OPERATION OF CENTRIFUGAL PUMPS 


A Discussion of Fundamentals of Automatic Control 
By W. D. HAENTJENS 


Engineer, Barrett, Haentjens & Co., Hazelton, Pa. 


THE purpose of automatic pumping is, in most cases, the 

achievement of more economical operation through the elimi- 
nation of an attendant. At times, the purpose is greater safety of 
operation. 

In the simplest case of automatic pump control, that is, pumps 
operating with a positive head on the suction, no special equip- 
ment except float switches and automatic starters is required. 

Pumps operating with a suction lift can be equipped with a foot- 
valve which keeps the pump filled with water between runs. Auto- 
matic control here can be the same as that for pumps operating 
with a head on the suction. However, the use of a footvalve re- 
sults in somewhat unreliable control. There are several objec- 
tions to the use of a footvalve; (1) the pump is unprotected 
from water-hammer and failure of the pump casing may result; 
(2) the footvalve may leak, thus leaving the pump without water. 
When the pump is started, damage would undoubtedly result to 
the pump; (3) friction in the footvalve results in an increased 
suction lift. 


Components of Automatic Control Systems 


A brief description of the operation of a few of the components 
of an automatic control system (Fig. 1) is perhaps in order here. 

I. Check Valve with Switch—The check value is always placed 
on the discharge end of the pump. To the flap of this valve is 
attached a switch. This switch may be one such as a lever-op- 
erated contact switch or a Mercoid switch. The switch, nor- 
mally open, closes when the pump goes into operation and re- 
mains closed as long as the pump is discharging water. 

II. Priming Valve—This is an automatic valve which is mount- 
ed on the top of the centrifugal pump casing. It permits the 
passage of air through it during the priming operation, but closes 
when water at the operating pump pressure attempts to flow 
through it. It remains closed only so long as the pump is in op- 
eration. 

III. Vacuum Breaker with Priming Switch—This unit is 
mounted so as to be higher than the priming valve. Air ex- 
hausted by the priming pump passes through the pump casing, 
then through the priming valve and vacuum breaker to the prim- 
ing pump. The action of the vacuum breaker is: (1) to prevent 
water from entering the priming pump, (2) to actuate the prim- 
ing switch when priming is completed, (3) to automatically drain 
and prepare for a new priming cycle once the pump is in oper- 
ation. The priming switch is normally open. When the water 
enters the vacuum breaker chamber, the float rises and simul- 
taneously closes the switch and opens an air valve. Air, entering 
through this valve, breaks the vacuum and permits the water to 
drain out of the chamber. 
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Components of an Automatic Control System 


W. & S. W.— REFERENCE & DATA — 1946 





L-! L-2 


PRIMING PUMP 
STARTER 








R-2 
a it WW—— 


CENTRIFUGAL PUMP 
CMS. STARTER 

















: 


Fic.2 











Electrical Connections for System in Fig. 1 


For safe and dependable control of pumps operating with a 
suction lift, a vacuum pump is used. Reduced pressure produced 
by the vacuum pump permits the water to rise from the sump in- 
to the pump, filling the pump casing and float chamber. As the 
float in the chamber rises, it operates the priming switch which is 
connected with the starting circuit of the centrifugal pump motor, 
Shutting down of the priming pump is also accomplished at the 
same instant. 

In its simplest form these arrangements are shown diagram. 
matically in Figure 1. The check valve prevents the entrance of 
air during the priming period and arrests the back flow of water 
when the discharge line is filled and the pump stands idle. In the 
latter condition, the pump in starting must produce a pressure 
sufficiently great to open the main-line check valve against the 
full water column pressure. This fact makes priming difficult 
when there are air pockets in the suction line. The air from these 
pockets, when drawn into the pump, gathers around the impeller 
hub, causing the pump to lose suction and preventing it from build- 
ing up sufficient pressure to start the flow of water through the 
check valve. 

In order to remove this air, the pump must be stopped and 
allowed to remain idle sufficiently long for all the entrapped air 
to rise to the top of the pump casing. It can then be removed by 
the priming pump at the next priming attempt. 

It is therefore evident that automatic control must provide for 
more than one start and for a delay between starts. Not only 
air pockets, but also air leaking through the stuffing boxes may 
destroy the prime. At the first start, water is forced into the 
water seal ring of the stuffing box. This stops or so greatly re- 
duces the leakage that the pump will be properly primed after 
two or perhaps three priming attempts. 

Should the seal water not stop the leakage, there may result a 
continuous starting and stopping of the priming pump and the 
centrifugal pump. Automatic control must therefore limit the 
number of starts to three or four. The justification for this fea- 
ture was clearly illustrated by experience in early automatic in- 
stallations. In one instance, one standard automatic starter for 
a squirrel cage motor made 450 starts from 1 p. m. Monday 
afternoon to 7 a. m. Tuesday morning, a total of 25 starts per 
hour for 18 hours. This starter was roasted. 

The air leak may be so large that the priming pump cannot 
dispose of all the air leaking into the system and therefore cannot 
draw the water into the float-chamber. In that case, the priming 
pump will continue to run indefinitely. Thus in order to prevent 
damage to the priming pump or over-flowing of the sump, auto- 
matic control should limit the time required for priming. 

Referring again to Figure 1, the priming valve is held open by 
the action of a spring and closed by water pressure when 
pump begins to discharge water. As soon as this valve closes, the 
float-chamber begins to drain and its switch will open. It 1s 
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The Time Relay Circuit for Preventing False Pump Starts 






important that the float-chamber drain slowly so that sufficient 
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opens as the priming chamber drains. The importance of slow 
draining of the chamber can be readily understood here. The 
pump is now operating under protection on the check valve switch. 
Should the pump lose the water, the check valve switch will 
open, and the pump will stop. Relay R is no longer energized and 
R-2 drops out and R-1 closes again. If the sump switch is still 
closed, the priming cycle will be repeated. 


Prevention of False Starts 


To prevent too many false starts, a time relay is placed in the 
circuit, controlled by the vacuum breaker switch. The simpli- 
fied wiring diagram, with other features, is shown in Figure 3. 
The timing action of this relay, TR-2 occurs only while the 
priming switch is closed. When a sufficient time for several prim- 
ing attempts has elapsed, TR-2 opens. 

The complete automatic action is exemplified by Figure 3. This 
action is as follows: When the water in the sump rises and closes 
the sump switch, SS, current flows from Line 1 through nor- 
mally closed contact R-3 and time delay relay, TR-1, to Line 2. 
Then, TR-1 begins to time. After it has timed out, contact TR-1l 
closes and now permits current to flow through the normally 
closed contact TR-2 of time relay TR-2, then through the nor- 
mally closed contact R-1 and through the normally closed contact 
TR-3 of time relay HR-3, to the priming pump starter which is 
now energized and starts the priming pump. When priming is 
completed and the priming chamber is filled, the priming switch 
PS closes and time relay TR-2 begins to time. At the same in- 
stant, relay R is energized, closing R-2 and opening R-3 and R-1, 
thus the centrifugal pump starter is energized and the pump starts ; 
the priming pump stops and time relay TR-1 is reset. 

Time relay TR-2 is cumulative, ic, TR-2 opens only when 
the total time required for several normal starts is exceeded. 
Time limit relay, TR-3, is set for about 15 to 30 minutes to limit 
the time of operation of the priming pump during any one prime. 
Time delay relay, TR-1, has been reset by the opening of R-3 so 
that it will be able to delay a second priming attempt if the first 
was unsuccessful. Since large pumps are idle for as long as 
30 seconds, TR-1 is set to trip in about one minute. If the pump 
is still not in operation after several priming attempts, time relay 
TR-2 locks out so that the system now completely ceases oper- 
ation, but an alarm signal sounds either in the foreman’s office or 
at any desired location. The system will not operate again until 
the trouble has been remedied and time relay, TR-2, reset by 
hand. Note, however, that all relays must automatically reset 
when the sump switch opens. 

It is not the intention of this article to give a detailed descrip- 
tion of the mechanical and electrical devices. These may vary 
considerably but they should provide the sequence of operation 
and protection outlined. Additional features such as pressure 
and vacuum regulator switches, water level indicators, thermo- 
stats on the pump main and thrust bearings, etc., may be added 
for greater safety. The most recent innovation is the use of 
electrodes in the sump in place of float switches. 
































red time is permitted for the pump to build up speed and close the 
ap in- check valve switch before the priming switch opens. If this did 
s the not happen, the pump would immediately stop. 
ich is . e . 
tor. § Electrical Circuits 
ses Figure 2 shows the electrical connections for the above arrange- 
ram. ment. When the water rises in the sump, closing the sump 
eof switch, current flows from Line 1, through the sump switch, SS, 
vater and the normally closed contact, R-1 of the relay R, thus ener- 
1 the gizing the priming pump starter. The priming pump begins oper- 
‘sure ation. When priming is completed and the water rises into the 
- the priming chamber, the priming switch closes, energizing the relay 
icult R. This opens contact R-1, stopping the priming pump, and 
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PRESSURE IN POUNDS PER SQUARE INCH 
FOR DIFFERENT HEADS OF WATER 











5 7 8 9 


1.73 2.16 3.03 3.46 3.90 
6.06 6.50 6.93 7.36 7.79 8.23 
10.39 10.83 11.26 11.69 12.12 12.56 
14.72 15.16 15.59 16.02 16.45 16.89 
19.05 19.49 19.92 20.35 20.78 21.22 
23.38 23.82 24.25 24.68 25.11 25.55 
27.71 28.15 28.58 29.01 29.44 29.88 © 
32.04 32.48 32.91 33.34 33.77 34.21 
36.37 36.81 37.24 37.67 38.10 38.54 
40.70 41.14 41.57 42.00 42.44 42.87 
45.03 45.47 45.90 46.33 46.77 47.20 
49.36 | 49.80 50.23 50.66 51.10 51.53 
53.69 54.13 54.56 54.99 55.43 55.86 
58.02 58.46 58.89 59.32 59.76 60.20 
62.35 62.79 63.22 63.65 64.09 64.52 
66.69 67.12 67.55 67.98 68.42 68.85 
71.02 71.45 71.88 72.31 72.75 73.18 
75.35 75.78 76.21 76.64 77.08 77.51 
79.68 80.11 80.54 80.97 81.41 81.84 
84.01 84.43 84.87 85.30 85.74 86.17 
88.33 88.77 89.20 89.63 90.07 90.50 
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SPECIFIC SPEED CURVES* 























feet to 
° ° ° 3200 st 
Single Stage Centrifugal and Mixed Flow Pumps 
[% 1932 a group of centrifugal pump manufacturers, members to avoid danger of cavitation? _ 
of the Hydraulic Institute, plotted curves representing the Referring to the first chart (Fig. 1), the intersection of th 
upper limits of specific speeds, in respect to head and dynamic diagonal for 15 feet suction lift with the horizontal line at total 
suction lift, to which, according to their experience, centrifugal pump head of 100 feet, falls on the vertical line corresponding to 
pumps may be applied with reasonable assurance of freedom from 2250 specific speed on the scale at the top of the sheet. The spe 
cavitation. These curves have proved valuable to users of pumps, cific speed should not exceed this value. 
as well as to the manufacturers. More recent experience and Example 1]—Double-Suction Pump 
additional information have resulted in revisions: _ Given a total dynamic head of 100 feet and a dynamic suction 
The following examples illustrate the use of the new curves, lift of 15 feet, what is the safe upper limit of specific speed? 
here reproduced by courtesy of the Hydraulic Institute.* Referring to the first chart (Fig. 1), the intersection of the 
Example 1—Single-Suction Pump with Shaft ; 
Through Eye of Impeller oe revised —— have been approved by 
b = . . . é )y ma cturers, r £ j “ 
_ Given a total dynamic head of 100 feet and a dynamic suction Gimensions from the flydraulie Institute, 90 West Se 1 ltee 
lift of 15 feet, what is the safe upper limit of specific speed City, at a nominal charge.—Ed. . 
SPECIFIC SPEED, Ngee 
’ S H*4 
FOR SINGLE-SUCTION PUMPS WITH SHAFT THROUGH EYE OF IMPELLER g 
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SPECIFIC SPEED, Ns= ~~~" FOR DOUBLE-SUCTION PUMPS 


Fig. 1—Upper Limits of Specific Speeds for Single Stage Pumps. 
(Pumping Clear Water at Sea Level at 85° F. For convenience, Values of H¥% for Various Heads Appear in Fig. 3.) 
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feet suction lift with the horizontal line for 100 rpm x Vgpm — . ' 
head, falls on the vertical line corresponding to is the value of —-————— in which the value of gpm is the 
d on the scale at the bottom of the sheet. This H% 
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total gallons per minute capacity of the pumping unit including what is the safe upper limit of specific speed? 
both suctions, and is the highest value which should be used for Referring to the second chart (Fig. 2), the intersection of 
this head and suction lift. horizontal line for 35 feet total pump head and the diagonal me 
Example I1I—Single-Suction Mixed-Flow or Axial-Flow Pump 10 feet suction head, falls on the vertical line correspondj - 
Given a total dynamic head of 35 feet and positive dynamic 9400 specific speed on the scale at the bottom of the sheet The 
suction head of 10 feet, corresponding to a submerged impeller, specific speed should not exceed this value. ies 
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Fig. 3—Values of H¥ for Various Heads. 
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HENEVER large centrifugal pumps are to be installed, 
the question of permissible submergence of suction bell and 
wit spacing always arises. This is as it should be, for the satis- 
actory operation of centrifugal pumps is largely dependent upon 
ie suction conditions, and it is particularly important that careful 
gnsideration be given the suction conditions at the time the loca- 
‘jon and layout of suction bells are established. 
Un large waterworks or sewerage installations it is of prime 
importance that proper suction conditions are obtained. 
When laying out the location of suction bells careful consider- 
tion should be given to the following: 
(1) Distance of suction from bottom of pit. 
(2) Distance between suction bell and any obstruction. 


(3) Distance between units. 


S IN FEET 


10 


vt 
V IN FEET PER SEC. 
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SUBMERGENCE AND SPACING OF SUCTION BELLS 


By C. A. RICHARDSON 


Centrifugal Pump Engineer 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 


(4) Minimum submergence of suction bell for maximum flow. 

The accompanying diagram and curve shows the minimum re- 
lation of these factors recommended by the writer’s company as 
representing good practice. 

It is necessary that the flow in the region of the suction bell 
be free from vortices. Any change in direction of flow, will tend 
to form vortices, and it is important that ample space between 
any obstruction, such as columns, other suction bells, walls, etc., 
be allowed to permit dissipation of the vortex before reaching the 
suction bell entrance. 

The amount of submergence required to prevent formation of 
vortices at suction bell entrances is largely dependent upon the 
entrance velocity. The accompanying curve gives the minimum 
suggested submergence. This curve is based on smooth non- 
turbulent flow into suction bell. 


RECOMMENDED 
SUBMERGENCE AND SPACING 
OF 
SUCTION BELLS 


D=DIAMETER OF SUCTION BELL IN FEET. 

V=VELOCITY AT DIAMETER D IN FEET 
PER SECOND. 

S=MINIMUM SUBMERGENCE IN FEET 
WHEN STRAINER IS USED, THE 
DIMENSION 0/2 SHOULD BE 
INCREASED TO COMPENSATE FOR 
AREA CUT OFF BY THE STRAINER. 
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RECOMMENDED SUBMERGENCE AND SPACING OF SUCTION BELLS 
(Developed by Allis-Chalmers Mfg. Co.) 
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PUMP POUNDING CORRECTED BY SIMPLE "AIR SNIFFER" 


By D. R. TAYLOR, Plant Superintendent 


Roanoke Water Department, Roanoke, Virginia 


"THE annoying dull pounding on the accentuation of pulsations, 

as the lesser of the two evils in the operation of piston 
pumps, is usually the result of a deficiency of air in the cushion 
chamber on the discharge end of the pump. 

To eliminate this deficiency it is not necessary to go to the 
expense of installing an air compressor. The trouble can be 
eliminated much more inexpensively by the installation of a 
simple anti-“pulsationitis” gadget which we have dubbed our 
air “sniffer.” The accompanying sketch pictures the installation 
which should be made from readily procurable parts, as follows: 

There is probably a plug or a drain pipe in the bottom of your 
pump casing. Install a % in. line (A) from this point to a point 
slightly above the top of the air chamber with a renewable seat 
globe valve (B) in this line. The length of a nipple below the 
top of it is a good location. 

At the top of this line, install a tee (C) with the side outlet 
looking down, and after drilling and tapping the top of the air 
chamber, connect one end of this tee to the top of the chamber 
with another globe valve (E) and-a check valve (D) between 
the tee and the chamber. This check should open for a flow 
toward the chamber. 

At the other end of the tee, install a 6 in. nipple and another 
check valve (F), also set for a flow toward the chamber. Com- 
plete the line with a short nipple, a 90 degree elbow, and a 
length of % in. pipe dropping almost to the floor. This is done 
so that any drippings from this line will be near the floor and, 
therefore, will not spatter your pump room and equipment. 


Then purchase from your local mill supply dealer a 
glass (GG) and install it on the side of the air chamber 
easy and quick determination at any time of the quantity 
in the chamber. 


Rage 
for a 
of air 


When the air needs replenishing, open valves (E) and (B 
and the pump will do the trick automatically. On the up or suc 
tion stroke of the pump plunger, check valve (D) will remai 
closed, check valve (F) will open, of course, and air will 
drawn into line (A). On the down stroke, check valve (F) wij 
close and check valve (D) will open. The charge of trappeq air 
will be forced into the air chamber. , 


Let me warn you, however, that this little gadget is my 
more vivacious than you might at first suspect. Only a ra 
minutes are required to fill the chamber and, if the “sniffer” ; 
allowed to operate too long at one “sitting,” you may experienc 
the annoyance of having too much air, possibly to the extent oj 
aerating your transmission or distribution main. With a litt, 
experience, you will soon be able to determine the necessap, 
frequency and length of time to operate the “sniffer” to satis 
your particular conditions, and then you can cross off another 
item from your headache list. 


We have successfully operated one of these gadgets on a fi 
million gallon per day steam pump and one on a nine hundre 
thousand gallon per day motor driven triplex pump for a num 
ber of years with perfect satisfaction. 





Sketch showing the method of installation of the “sniffer” on a triplex plunger pump 
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PUMP TROUBLE CHECK SHEET 


(Courtesy, Goulds Pumps, Inc.) 


HEN investigating trouble with Goulds Pumps, always re- 
Deccher that every pump has been tested at the factory and is 
mechanically correct when shipped. Discounting the possibility of 
jamage during shipment, most of the trouble in the field is due 
to faulty installation. Check the following points : 


Centrifugal Pumps 


Investigation shows that the majority of troubles with CENTRI- 
FUGAL PUMPS result from faulty conditions on the suction 
side. Except for mechanical trouble, nine times out of ten, this is 
where to look for the cause. 


|, No water delivered 


(a) Priming—Casing and Suction Pipe not completely filled 

with liquid 
« (b) Speed too low 

(c) Discharge head too high—check vertical head (particu 
larly friction loss) 

(d) Suction Lift too high (suction pipe may be too small or 
long causing excessive friction loss). Handling cold water, 
total lift including friction loss in suction pipe should not 
exceed 15 feet, or in any case be more than 2/3 total 
head. Check with gauge. 

(e) Impeller or suction pipe or opening completely plugged up 

({) Wrong direction of rotation 

(g) Air pocket in suction line 

(h) Stuffing Box Packing worn—or water seal plugged—al- 
lowing leakage of air into pump casing 

(i) Air leak in suction line 

(j) Not enough suction head for hot water or volatile liquids. 
Check carefully as this is a frequent cause of trouble on 
such service 


2. Not enough water delivered 


(a) Priming—Casing and Suction Pipe not completely filled 
with liquid 
x (b) Speed too low 
(c) Discharge head higher than anticipated—check, particu- 
larly friction loss 
(d) Suction Lift too high (suction pipe may be too small or 
long causing excessive friction loss). Handling cold water, 
total lift including friction loss in suction pipe should not 
exceed 15 feet nor in any case be more than 2/3 total 
head. Check with gauge 
(e) Impeller or suction pipe or opening partially plugged up 
(f) Wrong direction of rotation 
(g) Air pocket in suction line 
(h) Stuffing Box Packing worn—or water seal plugged—al- 
lowing leakage of air into pump casing 
(i) Air leak in suction line 
(j) Not enough suction head for hot water or volatile liquids. 
Check carefully as this is a frequent cause of trouble on 
such service 
(k) Foot Valve too small 
(1) Foot Valve not immersed deep enough 
(m) Mechanical defects : 
Wearing rings worn 
Impeller damaged 
Casing packing defective 


3, Not enough pressure 


x (a) Speed too low 
(b) Air in water 
(c) Measure Impeller diameter 
(d) Mechanical defects : 
Wearing rings worn 
Impeller damaged 
Casing packing defective 
e) Wrong direction of rotation 
(f) Be sure pressure gauge is in correct place. Not on top of 
casing 


Ps 


- Pump works for a while and then quits 


(a) Leaky suction line 

(b) Stuffing Box Packing worn—or water seal plugged—al- 
lowing leakage of air into pump casing 

(c) Air pocket in suction line 

(d) Not enough suction head for hot water or volatile liquids 


Check carefully as this is a frequent cause of trouble on 
such service 

(e) Air or gases in liquid 

(f) Suction Lift too high (suction pipe may be too small or 
long causing excessive friction loss). Handling cold water, 
total lift including friction loss in suction pipe should not 
exceed 15 ft. nor in any case be more than 2/3 total head. 
Check with gauge 


5. Pump takes too much power 


(a) Speed too high 
(b) Head lower than rating: pumps too much water 
(c) Liquid heavier than water. Check viscosity and specific 
gravity 
(d) Mechanical defects : 
Shaft bent 
Rotating Element binds 
Stuffing Boxes too tight 
Pump and Driving Unit misaligned 
(e) Wrong direction of rotation 


6. Pump leaks excessively at stuffing box 


(a) Packing is worn or not properly lubricated 

(b) Packing is incorrectly inserted or not properly run in 
(c) Packing is not right kind for liquid handled 

(d) Shaft scored 


7. Pump is noisy 


(a) Hydraulic noise-cavitation, suction lift too high. Check 
with gauge 
(b) Mechanical defects: 
Shaft bent 
Rotating parts bind, are loose or broken 
Bearings worn out 
Pump and driving unit misaligned 
x When connected to electric motors, check up whether motor is 
across the line, wiring correct, and receives full voltage. When 
connected to steam turbines, make sure that turbine receives 
full steam pressure. 


Vertical Centrifugal Sump Pumps 


In general, the same remarks as given for “Centrifugal Pumps” 
apply to these units. By the very nature of the service on which 
they are commonly used, lack of capacity or pressure can be 
caused by clogging due to the solid matter in suspension in the 
liquid handled. 

This, in addition to the other general remarks should always 
be checked and if clogging occurs, adequate screening of pump 
suction should be provided. 

Lack of capacity or pressure may be because total head was in- 
correctly figured. Total head of a sump pump is vertical eleva- 
tion from water level in sump (not pit cover) plus friction loss 
in piping from pump nozzle to point of discharge. 


Triplex Pumps 
1. No water delivered 


(a) Priming—(Fill Valve Boxes and Pump Cylinders with 
water ) 

(b) Suction Line completely plugged up 

(c) Suction Lift too high (over 22 ft.) Check with gauges 

(d) Not enough positive suction head for hot water volatile or 
~ thick liquids 


2. Not enough water delivered 


(a) Priming—Fill Valve Boxes and 
water 
x (b) Speed too low 
(c) Foreign matter under valves 
(d) Suction line partially plugged up 
(e) Suction Lift too high (over 22 ft.) Check with gauges 
(f) Not enough suction head for hot water, volatile or thick 
liquids 
(g) Mechanical defects : 
Valves worn or warped and do not seat properly 
Plunger Packing worn 
Plungers worn 


Pump Cylinders with 
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3. Not enough pressure 


(a) Air in water 

(b) Foreign matter under valves 

(c) Mechanical defects: 
Valves worn or warped and do not seat properly 
Plunger Packing worn 
Plungers worn 


4. Pump pounds 


(a) Air in water 
(b) Suction Lift too high (over 22 ft.) Check with gauges 
(c) Surges in suction line (especially on booster pumps) 
(d) Not sufficient suction head for hot water, volatile or thick 
liquids 
(e) Excessive speed 
(f) Speed too high for thick, viscous or hot liquids, so that 
pump barrel cannot fill 
(g) Pressure greater than catalog rating of pump. Excessive 
strain on moving parts and frame 
(h) Mechanical defects : 
Loose main bearings 
Loose crossheads 
Loose crosshead pins 
Loose crank pins 


5. Pump takes too much power 


(a) Speed too high 
(b) Higher pressure than catalog rating of pump 
(c) Liquid heavier than originally specified. Check viscosity 
and specific gravity 
(d) Plungers packed too tight 
(e) Mechanical defects: 
Poor fitting of moving parts 
Bearings too tight 
Gears not properly assembled 
x See note under Centrifugal Pumps 


Rotary Pumps 


1. No water delivered 
" (a) Priming—See that Casing and Suction Pipe are filled with 
liquid 
(b) Suction Line completely clogged 
(c) Suction Lift too high (Suction pipe may be too small or 
long causing excessive friction loss.) Check with gauges 
(d) Wrong direction of rotation 
(e) Not enough positive suction head for hot water, volatile or 
thick liquids 


2. Not enough water delivered 


(a) Priming 
x (b) Speed too low 

(c) Suction Line partially clogged 

(d) Suction Lift too high (Suction pipe may be too small or 
long, causing excessive friction loss.) Check with gauges 

(e) Not enough positive suction head for hot water, volatile 
or thick liquids 

(f) Liquid too thick or viscous. Check viscosity 


3. Not enough pressure 
(a) Air in water or liquid 
(b) Mechanical defects : 


Cams, Gears or other working parts worn— 
clearance ; 
Stuffing Box Packing worn 


4. Pump makes too much noise 


too much 


(It must be borne in mind that some noise is always natural ; 
a rotary pump) ° 
(a) Air in water or liquid handled 
(b) sae too high—especially when handling thick or Volatile 
iquids 

(c) Too much suction lift—pump not filling with liquid 
(d) Mechanical defects: 

Cams, Gears, or other working parts worn, loose or 

broken 


5. Pump takes too much power 


(a) Speed too high 

(b) Discharge pressure higher than originally s 

(c) Liquid heavier than originally specified. 

gravity and viscosity 

(d) Stuffing Box Packing too tight 

(e) Mechanical defects. 
Poor fit of working parts—binding at some point 
Bearings too tight 
Misalignment between pump and driver 

x See note under Centrifugal Pumps 


ified 
heck specific 


Centrifugal Pumps 


Total suction lift must never exceed suction lift limits of pump. 
The remarks in the trouble check lists apply to Centrifugal Pumps 
in general. It must be borne in mind that when dealing with very 
small Centrifugal Units, 1” size and less, suction lift is further 
limited, and in some cases a positive head is absolutely necessary 
to secure proper operation. The recommendations in our catalog 
for these 1” and smaller pumps should be followed. 

Use pipe of ample size—at least the same diameter as suction 
of pump. Suction pipe should have sufficient submergence to pre- 
vent air from being indrawn. Suction pipe should be air tight and 
slope gradually up towards pump to prevent air pockets. If suc- 
tion pipe is larger diameter than suction opening of pump, an 
eccentric reducer should be used to prevent high spot in line and 
formation of air pocket. 

Check Valve in discharge line close to pump to prevent draining 
back thru pump. 

Gate Valve next to Check Valve, on far side of pump, to close 
off line for pump or check valve repairs and to control capacity 
of pump. 

An air tight suction pipe and properly sealed stuffing box espe- 
cially important with Centrifugal Pumps which are not positive 
in’ action, 

Stuffing Box is sealed usually by water under pressure from 
casing volute. This seal pipe and lantern ring in stuffing box 
should be clean and offer free flow to liquid—otherwise air drawn 
into pump and satisfactory operation destroyed. 


Reciprocating and Rotary Pumps 


For safety a relief valve set to open slightly above maximum 
pump pressure should be installed in discharge line near pump. 





EVALUATION OF PUMP BIDS BY A SIMPLE METHOD 
AND DETERMINATION OF POWER COSTS 


The estimated cost of electrical energy for pumping liquids 
over any assumed period of time, which is to be added to the bid 
price for pumping equipment for determination of its evaluated 
cost, may be obtained through the use of the formula 


3.14 Qhe 


E 


Where C = Estimated power cost in dollars over the assumed 

evaluation period. 

Q= Estimated number of millions of gallons to be 
pumped during the same period. 

h — in feet, on which guaranteed efficiency is 
ased. 

c = Cost, in dollars, per KWH of electrical energy. 

E = Guaranteed overall pump and motor (input-output ) 
efficiency at head “h,” expressed as decimal frac- 
tion and not as a percentage. 
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The constant “3.14” is suitable for slide rule calculations and 
is sufficiently accurate for most cases, as the assumptions made 
are too broad for accurate estimates. Should it be necessary to 
determine the cost to the dollar (in case of very close bids and 
the selection must be made on a price basis), the figure 3.13975 
should be used. 


Example: Assume 
Q =2,000 million gallons 
h = 100 feet 





= $8,970. 


This simplified formula for evaluating pump bids was developed 
by C. I. Dodd of Black & Veatch, Engrs., Kansas City, Mo. 
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SELECTING DEEP WELL CENTRIFUGAL PUMPS 


PART | 


The Deep Well Pump and Factors 
Affecting Pump Systems 


NGINEERS, scientists, in fact all 
a who follow vocations that are tech- 
seal in character, find pleasure in con- 
emplating great historical changes or 
eles of social development. 

‘Social developments, like history, are 
eaters of record, and in a large measure 
re dependent on historical changes, but 
«ide from the companionship we find that 
ie inventive genius of man is a funda- 
wental requisite. It is the persistent urge 
9 improve methods and machines that 
sakes possible social developments which 
re enjoyed in our every-day life. 

History of military exploits and po- 





tical machinations is something we can 
ad about in our leisure time, or we can 
ny ourselves this pleasure, but we can- 
sot escape the form and degree of civiliza- 
ion brought about by social developments. 
Water and pumps can, by reason of 
their importance, justify their associations 
yith history and social development. The 
mp, unlike water, has not existed since 
the beginning of time, and it is not in- 
ended to infer that without pumps life 
vould cease, but the pump does rightfully 
me into its claim of importance because 
t has made possible a great extension of 
man’s activity and consequent economic 
progress in the production of manufactured 
articles, and by making fertile and agricul- 
turally useful a large portion of the arid 
lands of the earth. 


The Deep Well Centrifugal Pump 


The type of pump known as the deep 
well centrifugal needs no press agent, since 
tis not the result of an artificially created 
desire, but rather is a machine designed to 
convey or furnish by its unique perform- 
ance the most vital substance of life. Where 
water is procurable in abundance and can 
be controlled, there the density of human 
habitation is greatest. 

Control of water delivery is best ob- 
tained through the use of pumps and, where 
the source of supply is wells, the deep well 
centrifugal pump is almost indispensable. 

The deep well centrifugal pump, as its 
name suggests, is designed to enter and ex- 
tend down into wells where it reaches the 
water deep in the earth, and lifts it to the 
wurtace. (See Fig. 1.) The hydraulic mem- 
ver of the pumping unit is the pump body 
which is submerged in the well. It is sus- 
pended from the earth’s surface by a pipe 
which conducts the water upward and this 
pipe includes in its extensive length a driv- 
ing shaft. This driving shaft attached to 
i motor at the surface transmits power in 
fotative form which pins the impellers lo- 
cated within the submerged pump body 
Une spinning impeller will elevate water a 
certain height. Two impellers will elevate 
water twice as high. By adding impellers 
any practical height or lift can be accom 
plished. 

Pumps having two or more impellers are 
called multi-stage. In multi-stage pumps 
the space between successive impellers can 
be made equal to the distance each one 





will elevate the water. Thus, if one stage 


By AXEL O. FABRIN 
Pump Designer, Memphis, Tenn. 
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will boost water twenty (20) feet, the 
lowest impeller will elevate water up to 
the second stage, which will pick up the 
water and boost it twenty (20) feet higher. 
Five impellers spaced twenty (20) feet 
apart would then discharge water at the 
ground surface from a water level one 
hundred (100) feet down in the well. It has 
been found, however, that locating one 
stage immediately above another produces 
the same results as when they are spread 
apart. 

Manufacturing economy and engineering 
reason dictate the practice of nesting im- 
pellers in an assembly of close coupled 
pump bodies. This assembly is the deep 
well centrifugal pump and constitutes one 
part of a complete pumping unit. (See 
Fig. 2.) 


History 


Before discussing the deep well pump, a 
review of the history of water pumps may 
prove an incentive to regard engineering 
on the subject more intensely. 

Moving water by pumps traces its first 
performance to about the year 200 B.C. 
Previous to that period there is no mention 
made of pumps, and there has not been dis- 
covered any portion of history that makes 
reference to such a machine prior to that 
time. 

Even the Chinese, who claim priority in 
many accomplishments, do not mention the 
use of pumps in early times, even though 
we consider that irrigation was common 
with them. Rude nations did not possess 
the machine, simple as it is, but resorted 
to laborious manual methods of raising 
water. From crude wells or cisterns, water 
was drawn by pitchers attached to cords 
raised or lowered by hand. 

The ancient Egyptian water wheel, so 
common all over Asia, was turned by a 
stream without any appreciable fall, and, 
at its outer circumference, was equipped 
with buckets which raised water and dis- 
charged it into a trough. This form of 
wheel appeared in Spain and was given the 
name of “Noria.” Danish missionaries in 
Siam discovered a modification of the 
“Noria” which consisted of a wheel turned 
by an ass and carrying around it not buck- 
ets but a band of hay which collected water 
and delivered it into a wooden trough. 

The pump was spoken of as a curiosity 
by the inventors and engineers of the 
Alexandrian School, where most of the 
sciences were born. Hero, one of these 
inventors, did prepare a treatise on the 
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Fig. 1—Modern Well and Motor Driven 
Deep Well Centrifugal Pump 
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expansion of steam, the slide valve, the 
check valve, and nearly a hundred other 
inventions which today would be classified 
under the head of “mechanical engineering.” 
Strangely enough, the pump stands nearly 
last on the list of inventions. 

It is interesting to note that in the annual 
report of the U. S. Geological Survey tor 
the year 1900 the only mention of pumps 
is that relating to windmills. No other 
means of irrigation pumping is referred to. 
After that year keen interest was directed 
to the centrifugal pump because it handled 
much greater water volumes than the wind- 
mill pump. 

The development of the deep well centri- 
fugal, capable of pumping large quantities 
of water from the underground water 
reservoirs, provided the farmers of the 
plains with a solution for their water 
problems and, as a consequence, proved a 
great boon to the western farmer. 

It has been the writer’s business as a 
designing engineer to investigate a great 
many pumping units and, in a period of 
thirty years, he has had to acquaint him- 
self with performance both good and bad, 
as realized in all the vicissitudes and all 
the stages of deep well pump development 
dating back to a period when the machine 
was first accepted as practical. 

Early in the period when the machine 
was ina relatively crude state, nothing was 
found more helpful in the advance towards 
perfection than the experiences of field 
men who briefly but forcefully presented 
them in a spirit of constructive criticism. 
In the light of present-day development 
quite a few of these criticisms have proven 
correct. We must not forget, however, 
that many promises of performance were 
made by the seller and they were made in 
a sincere desire to serve the customer, and 
through it all there was the hope that the 
designing engineer, by some method yet 
unknown, could provide a machine that 
would with fidelity fulfill every promise. 


The Modern Pump 


Modern design has made possible the 
realization of some exaggerated claims 
made by early exponents of the deep-well 
pump. Through lessons learned in the 
hard school of experience, checked by tests 
in the laboratory and verified in the field, 
has come a method of pump design which 
almost justifies being categoried as a 
science. There is still much knowledge 
which at present is in the process of 
evolution, and like electricity we find that 
the phenomena of the centrifugal pump 
defies explanation, but does not defy con- 
trol. Through experience it has been 
found possible to arrive at a balance be- 
tween efficiency of operation and stability 
of performance. 

For the purpose of a brief discussion, 
the well designed to deliver a specific quan- 
tity of water by deep well pumping can 
be divided into two related parts known 
as casing and screen. The casing, some- 
times called the pump pit, extends from 
the surface down to some level which 
practice has proven best to exclude surface 
water or water from intervening strata 
yielding an undesirable quality of water. 
Below this casing is the screen located 
in the water-bearing formation. 

The diameter, length, type and locatior 
of the screen depends on the water-bearing 
formation encountered. Geology is the 
determining factor in screen selection, and 
the well contractor best fitted to construct 
a well must know something of this science. 
Through experience, the best possible con- 
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struction has proved to be that of a shutter- 
type screen arranged for gravel packing 
around its exterior to control the fine sand 
when maximum flow is secured from a 
water-bearing strata. This “gravel packed” 
well construction was originated by the late 
M. E. Layne and is now in almost universal 
use throughout this and other countries. 

The production of water from wells of 
this type was much greater than that pro- 
duced in the straight well, and this advance 
in the art of well construction naturally 
affected pump design. a ; 

In discussing the conditions which pre- 
vailed prior to these well improvements, 
we shall do well to consider in some detail 
the fundamental reasons for the proportions 
of the well and the well casing. 
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Fig. 2—Section Through Modern Deep Well Centrifugal Pumps 


The well casing diameter can vary 
tween wide limits, and the small ¢ . 
is the one which can be Considered f,, 
It can be no smaller than that . . 
the development of the strata below 
the well screen is set. The limit Pe 
diameters is infinite within the realm of 


— —e 
Modern well construction 
the use of the deep well centrifacay ee 
commonly called the turbine Pump. Th. 
machine overcame the shortcomings of 
conventional volute type centrifugal which 
up to the beginning of this century Was 
installed vertically in pits dug by hand > 
curbed with wood, brick or concrete “ 
The pump pits for volute pumps extend 
ed to a depth where the first water-bearing 
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fig. 3—Vertical Volute Pump Driven by 
Engine Through Belt 
(Installation in Open Well Pit) 


formation was encountered, and then bored 
wells were extended through the bottom of 
this pit to other water-bearing strata. The 
volute centrifugal installed close to the 
bottom of this pit was fitted with long 
suction pipes entering the bored well and 
was driven by open line shaft supported 
tither from the sides of the pit or a frame 
extending from the pump up to the surface. 
Usually these pumps were driven by means 
ofa belt and pulley. (See Fig. 3.) 

Many of the dangers of such a primitive 
set-up accompanied by inefficient operation, 


were obviated by the small diameter multi- 
stage deep well centrifugal pump which 
could be lowered into a pit of relatively 
small diameter. The deep well centrifugal 
pump, because of its relatively small diam- 





eter, could be installed below the normal 
water level, and greater well yields were 
possible since the limitation of suction lifts 
and long suction pipes no longer handi- 
capped the pump. 

It can readily be understood that because 
of pump proportions the old pits were large 
in diameter and, though the pit and the 
bored well through the bottom of the pit 
were considered a well, in reality the well 
consisted of two independently related 
parts, and the diameter of the bore did not 
predicate the size of the pit. 


The Pump Casing 


The modern well is fundamentally divided 
into two parts the same as the o!d form, 
with the exception that the pump pit or 
casing, in reality a vertical tunnel, is small 
in diameter. The well casing diameter or 
pit is not dependent on the geology involved 
in securing the well yield, but it should be 
large enough to allow setting and placement 
of gravel packing around the screen. 


The possession of great skill and tech- 
nique, so necessary to the construction of 
successful wells, does not insure the same 
knowledge of pump proportions, but fortu- 
nately, through long exposure to water sup- 
ply problems and close association with 
deep well centrifugals, the selection of well 
casing sizes has been essentially correct. 

There are numerous instances, however, 
where something more than reliance on 
memories of installed units will be sufficient 
for guidance in determining the well casing 
size. This is especially true in the case 
where type of pump approaches the limit 
of hydraulic duty generally considered 
proper for an efficient conventional deep 
well centrifugal. 

If, through inadvertence, the selected 
casing diameter is relatively small, the 
pump, because of space limitations, may be 
thrown into the mixed flow, angle flow or 
propeller type. These types have their 
place in the scheme of vertical pumps but, 
in cases where the total head is of any 
appreciable amount, they are not as eco- 
nomical as the conventional deep well 
centrifugal. Aside from the question of 
economics there is also the subject of the 
characteristics of the head, capacity and 
brake horsepower values, which at “shut- 
off” head are sometimes high enough to 
endanger a motor or, in the case of thrust, 
may at closed valve operation impose ter- 
rific overload on the thrust bearing. This 
is especially true in the screw pump or 
propeller type pump. 

In general, we recognize the complexity 
of a well water supply problem and we 
know that there are many features that 
are in themselves obscure and intricate, and 
that many of them have been rendered so 
by affected refinements. The prejudices of 
competition, and even the seller’s own 


prejudices, make it difficult at times to 
show with clarity the genuine virtues of 
the object in question. 

The character of the technical knowledge 
required for the selection of the proper 
water system is legible, it is true, but 
because of complexity it is not plain enough 
to enable all those who run to read. 

In considering any complex matter we 
should examine every distinct factor in the 
composition, one by one, and reduce every- 
thing to the utmost simplicity. 

In examining these factors it is necessary 
to compare the many features in a pros- 
pective water supply with those of a similar 
size and type already instal.ed, and also 
with those of a dissimilar type, because 
discoveries may be and often are made by 
contrasts which would escape on a single 
view. 

It is apparent that if all these things are 
true—and experiences have proved them so 
—then the technical knowledge required in 
water supply problems is not of a nature 
which justifies snap judgment; not because 
the problems involve abstract reasoning, 
or the solutions require a comprehensive 
knowledge of mathematics in the degree 
that astronomy demands, but, because of 
the multiplicity of factors, spontaneous 
judgment is liable to be erroneous. 


Factors Affecting Pump Systems 


What these factors are, their nature and 
their effect on the functional efficiency of 
a pumping system are very important, and 
they constitute a prelude to the technical 
knowledge which the writer will attempt 
to present. 

In general, all pumps driven by vertical 
shafts, located in the center of a discharge 
pipe, are called “turbine” types because of 
their similarity in appearance to power- 
generating turbines. 

There are four basic types of vertical 
rotating shaft pumps, each type having 
performance characteristics peculiar to 
its design. 

Fig. 4 illustrates the types, any of which 
can be installed in a well, pit or pond, or 
can be arranged for use in dry-docks or 
to de-water mines or drain flooded areas. 
The field for which any one of the four 
types is best suited is noted in the illus- 
tration. The classification of type can be 
associated with the “specific speed” and 
wheel proportions. In the figure the final 
wheel diameter is designated by the letter 
“A” and the inlet by “B.” 


7 er 
Ratios of —— are shown as co-ordinates 
and the values of specific speed designated 


as N, are shown as the abscissa. It can 
be seen from the figure that the ratio 
o ” 


of —— is mutually related to the “specific 
“R” 
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speed” and this relationship is illustrated 
by the curve 
ae! a 
The values of —— in relation to Ns as 
—" 
shown may differ slightly on pumps made 
by various firms and may even differ in 
a line of pumps made by one company, but 
in the main this can be considered a mean 
curve and serves to illustrate the subject. 
A 
The ratio - 
“R” 
value N, and this ratio is greatest where 
N, is lowest. As the ratio becomes pro- 
gressively smaller the accompanying values 
of N, become larger. Each of the basic 


varies inversely with the 


types shown in the illustration covers a 
certain range, limited by the indicated 
values. 


For the deep well centrifugal the ratio 
a 
—— is 


: low 
ow 


relatively high and N, is 
When the specific speed Ns has increased 
“A 


to 4100 and —— has been diminished to 
1.25 the mixed flow type is indicated. This 


type of pump can be employed till the 
Ns has been increased to 5800 where the 
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Fig. 4—Basic Types of Vertical Shaft Pumps 


pa! 
ratio —— has dropped to below one. 
“RB” 


can be seen 


As 


from the figures a continued 
a A” 

and a corresponding pro- 
——" 
gressive increase in N, indicates the next 
type as the angle flow and finally the largest 
value of Ns, and the smallest ratios of 


decrease of 


—terminate in the propeller or screw 
— 
pump. 


In a collection of deep well centrifugals 
of different sizes but similar design, favor- 
able efficiencies are obtained for a certain 
combination of capacity, head per stage 
and revolutions per minute, and these three 
variables can be expressed in one term 
known as the “specific speed.” The best 
efficiency is realized when the singular value 
of Ns is 2500, and pumps will be relatively 
less efficient when designed to operate 
either above or below N, 2500. 


The formula used to derive the “specific 
speed” is given on Fig. 4, but calculation 
will not be necessary since charts covering 
capacity and head for various revolutions 
per minute show the value Ns. 


Though the figure covers four types, 
the subject under discussion is the deep 





well centrifugal, and the other types are 
presented as illustrations only. 

While the most favorable designs on 
deep well turbines are realized at specific 
speeds around 2500, it will be noted that 
the complete range for design is froma 
minimum of 1500 N,. to a maximum of 
4100 Ns. 


PART Il 
Methods of Selecting Pumps 


To name the modern makes of deep well § 
pumps on the market is relatively simple 
and to describe their merits, both actul 
and affected, is somewhat laborious, bit 
the best criterion for judgment on pumping 
machinery is the behavior of a pump under 
actual service conditions. A deep wel 
pump handles water in its raw state, jus 
as it exists in the native water-bearing 
strata. Since the water in these strata 
must percolate or travel through various 
formations, it follows that the quality or 
composition of the water is affected by 
the vegetation and minerals through whieh 
it must pass. Since ground waters may 
originate many miles away from the well 
the type of vegetation at origin differs 
from that at the well site, and the water 
in passing through the decomposed vege 
tation absorbs carbonic and traces of othe 
acids which increases its power of solution 
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cannot be set at any specific number of 
years unless the corrosivity of the water 
is known or can be predicted with reason- 
able certainty. 

In considering the functional efficiency of 
a deep well supply system, the factors to 
be considered are COs content, the size of 
well and pump, hours of operation, cost 
of power and purchase price. 

Functional efficiency is not measured by 
numerical values but a high degree of the 
quality is reflected in economical perform- 
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Fig. 5. Chart Showing Difference in Cost of Operation Between Actual and Theoretical 
Pumps of Different Sizes. 

Conditions—1000 gpm., 260 ft. field head, 1750 rpm.; operation 12 hrs. a day, 365 days 
or 4380 hr. per yr. with power at 1 cent per kwh.) 
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Fig. 6. Chart for Determining Size and Type of Class “A” Vertical Shaft Pumps 
Operating at 1750 rpm. 
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ance with a minimum operative attention 
throughout a long life of dependable service 
with a minimum of repairs. 


Choice of Pump Size 


Articulated study on the combined sub- 
ject of wells and pumps, with due respect 
for the various factors mentioned, indi- 
cates that pumps of preferential diameter 
when installed in wells of complimentary 
proportions will in most cases perform at 
optimum efficiencies that insure a high 
degree of functional efficiency. The deep 
well centrifugal is made in a number of 
sizes to furnish water in various quantities, 
but a given capacity, motor speed, and 
specific speed does not necessarily mean 
that only one diameter of pump can be 
utilized. For example, a 1350 gpm. pump 
operating at 1750 rpm. and designed for 
a “specific speed” of approximately N, 
1850, can be either 16% in. in diameter 
or 14% in. 


The 16%-in. pump will be the most 
efficient, since the water passages are not 
crowded and the annular space between 
the rim of the moving impeller and the 
stationary walls of the case permit a 
favorable path for negative accelerations 
of the absolute velocity of water leaving 
the impeller. Such a design will result 
in a machine which the writer has desig- 
nated as Class “A” and it will develop 
optimum efficiency. 


The 14%-in. pump will have more con- 
fined passages, a narrower annular space 
between impeller and case, and a relatively 
high angle of water impingement against 
the walls of the stationary case. This 
condition favors what has been termed 
“impingement corrosion.” Such a design 
will not produce a pump of optimum effi- 
ciency and has been categoried by the 
writer as Class “C.” 


Annular Space 


The subject of annular space proportions 
beyond the moving impeller periphery be- 
comes interesting, since it determines how 
close we approach the ideal conditions of 
flow which permit the maximum efficiency 
in converting the true absolute water 
velocity leaving the impeller into the pres- 
sure head. The ideal conditions utilize 
the principle of the constancy of the 
moment of momentum. 


In considering this principle of design, 
and neglecting friction, it is axiomatic 
that no turning movement is transmitted 
to the water after it leaves the impeller 
and with the moment of momentum re- 
maining constant the velocity at the outer 
boundaries of the annular space must be 
less than the true absolute velocity at the 
impeller, in the inverse ratio of the re- 
spective radii. 

In the Class “A” pumps the annual 
space is larger than in the Class “C” and 
when this larger space is provided with 
stationary guide vanes whose angles of 
interception are correct, the conversion of 
velocity head during the change in direc- 
tion of flow to an upward one is accom- 
panied with a minimum of “impingement 
corrosion” and a maximum of hydraulic 
efficiency. 

There is practical evidence to the effect 
that so-called “graphitic corrosion” or 
galvanic corrosion is more pronounced in 
small diameter pumps of Class “C,” even 
when handling relatively neutral solutions 
of water because the cast iron bowls must 
handle higher velocities than the Class “A.” 

Between the limits indicated as Class 
“A” and “C” there may be as many sizes 
as fancy may dictate; in fact, sizes smaller 
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tman “C” may be employed, but so far 
practice has shown that values indicated 
reflect contemporary design. 

The example just presented pertained to 
two pumps of practically the same N, 
value but of different diameter, in order 
to show the efficiency difference of 4 
points in favor of the larger diameter unit. 

If a well casing of minimum diameter 
is striven for, the pump selection will be 
forced to a high value of N, and will 
result in a diameter about 65 per cent of 
that of the Class “A” or optimum pump. 
The small pump will be a Class “C” unit, 
running at an N, of 4100. Such a pump 
will, for reasons presented, have a shorter 
life than that of the larger pumps and 
the efficiency will be less than that of a 
pump of a lower N,—one more nearly 
approaching 2500 Ns. 

As has been stated, pumps operating at 
an N, of 2500 develop favorable efficiencies 
and, regardless of class, any duty that 
places the N, above or below this value 
must be considered on the grounds of 
overall economics. Loss of money, due 
to shortened life and lowered efficiency 
through the use of small pumps, is often 
accepted because it permits the construc- 
tion of a small diameter well. Since the 
first cost of a well is from three to five 
times that of a pump, the well is often 
crowded to minimum diameter without 
regard for later financial costs. 


Operating Costs 


If there is a choice between the two 
wells and pump sizes, and it can be shown 
that the annual savings realized by using 
the large size will in a reasonable time pay 
the extra cost of the larger well, then it 
will be good business to consider Class 
“A” pumps operating at an N, near 2500. 
The cost of wasted power is fixed bv the 
class of pump, the N;, the number of stages 
and the purchase price of power. 

To arrive at this cost calculate the power 
cost of operating an actual pump and 
deduct from this the power cost of a 
theoretically perfect pump. Data based 
on observations extending over a long 
period make possible charts that can_be 
used in calculating the total annual cost 
of operation for a series of variable diam- 
eter pumps of a given hydraulic duty. 

Fig. 5 has been prepared to show the 
difference in power cost between the actual 
and theoretical values of four different 
pump diameters, all to deliver 1000 gpm. 
against 260 feet of head when set in a 
well to a depth of 150 feet and operating 
at 1750 rpm. 

The curve is based on 12 hours a day 
operation, 365 days a year, with power 
purchased at lc per kwh. The four pumps 
in the example are designed to operate in 
wells 10-12-15-18 inches in diameter and 
500 feet deep. 

Table I, from which values were taken 
to plot the curve, shows the difference in 
power cost between the practical and the- 
oretical pumps for each size: 


TABLE ] 


Annual Difference 
Between Power 


I.D. of Costs of an 
Wells and Actual Pump and 
Nominal O.D. of a Theoretically 

Pump Size Pumps Perfect Unit 
10 9% $674.52 
12 11% 525.60 
15 14% 525.60 
18-17 16% 639.48 
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From the figures in Table I which apply 
only to the hydraulic conditions given, it 
would appear that the 12-in. or 15-in. pumps 
would make an even choice. 

Both pumps could be purchased for 
approximately the same price, and in fact 
all four pumps could be purchased for 
essentially the same money. But since the 
wells cost from three to five times that 
of pumps, the question is: Would it pay 
to construct a 12-in. or 15-in. well even 
though sufficient water could be procured 
from a 10-in. well? 

The cost of constructing wells can and 
does resolve itself into a subject of debate. 
The price will vary with the type of well, 
the method of construction, the kind of 
strata encountered and many other features 
so familiar to a well expert. But if all 
these conditions are known and the only 
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Fig. 7. Chart for Determining Size and Type of Class “C” Vertical Shaft Pum)s 
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Fig. 8. Basic Efficiency Chart 
(For five-stage deep well centrifugal pumps of different capacities operating at the 


specific speed 





of 2500) 
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jor the higher priced well. Such a table 
(Table II) may be designated as a re- 


capitulation. 


based on 1750 rpm. and are presented to 
support the examples used in illustrating 
the text. 

Values of efficiency for pump selection 
are determined through the means of two 
charts (Fig. 8 and 9) and Table VII 


TABLE I] 


Recapitulation Table 
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Ditvasted Power | _ Well Cost Another Remarks | 
ee ———— —— — a aS 
petween 10-in. and | Between 12-in. and | 400 12-in. pump and 
19.in, Pump=$148.92 | 10-in. $400.00 more | ——-— = 2.7 years of | well is the logical 
» favor of 12-in. | for 12-in. well | 148.92 selection 
0 | 12-in. pump opera- 
p tion to pay for ex- 

| tra cost of a 12-in. 

well over 10-in. 
NS a - t ams e 6 
Between 12-in. and Between 15-in. and 15-in. well and pump | 15-in. pump and 
jin. Pump =WN 0} 12-in, $600.00 more | will not show favor- | well should not be 
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in favor of 12-in. | for 18-in. well | well or pump favor- | not be considered 
pump _ . — _! able 


The effect of efficiency on costs has been 
illustrated by table and graph and the 
iescription and illustration of pump types 
have been presented in Fig. 4 accompany- 
ing Part I of this article, but the method 
of procedure whereby the costs have been 
calculated may prove interesting. Four 
calculation sheets showing the detail of 
this item are presented as tables III, IV, 
V, and VI, pertaining to the units on which 
the cost analysis in curve, Fig. 5 and 
Table I, have been used. 

Charts that limit the selection and pre- 
scribe values are indeed of the essence 
in selecting pump sizes, and without such 
means all of the matter presented in our 
considerations would be without support, 
and could be relegated to the category of 
trite repetitions of the obvious and self 
evident. _ 

Charts for finite pump speeds have been 
prepared and two such charts (Fig. 6 


and 7) are presented, one for Class “A” 
Both are 


and one for Class “C” pumps. 
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Fig. 8 is termed the “Basic Efficiency 
Chart” and the two curves delineated there- 
on denote efficiencies for Class “A” and “C” 
five-stage pumps for various capacities 
operating at Ns 2500. 

Fig. 9 is the “Specific Speed Factor 
Chart” which determined the factor by 
which the basic efficiency must be multi- 
plied to obtain the efficiency for specific 
speeds other than N, 2500. Three curves 
are illustrated to accommodate the quality 
of workmanship in finishing the impellers. 

It will be noted that efficiency is ma- 
terially affected by workmanship. The 
effect on the final efficiency by stage varia- 
tion is prescribed in Table VII. 

After modifying the basic efficiency of 
a five-stage pump by the specific speed 
factor, locate this value in the five-stage 
column in Table VII and project hori- 
zontally to the column for the number of 
stages under consideration. 

The exact value of the “modified basic 
efficiency” may not be found in the five- 
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Fig. 9. Specific Speed Factor Chart 
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stage column but by locating the nearest 
value it will be possible by interpolation 
to determine the final efficiency. 


Conclusions 


In conclusion, the writer wishes to state 
that this seemingly hypothetical method of 
pump selection is not the result of abstract 
reasoning but rather is based on the obser- 
vation of thousands of deep well pumps. 
The performance of many modern units 
now in operation in cities and industries 
confirm and sustain the values which the 
pronosed procedure predicates. 

No consideration has been given to por- 
celain enamel pumps and it is admitted that 
temporary increases of from 1 to 4 points 
can be obtained by the use of this finish. 
The state of the art in pump manufacture 
questions a complete and indiscriminate 
endorsement of this practice on all pumps. 

The useful life of deep well pumps is 
materially affected by the corrosiveness 
of water, and since ground water varies 
in composition, one locality will present 
problems distinctly different fre~ that of 
another. 

Mechanical failure due to structural 
defects or variations in design or improper 
installation also affect the life of purnps. 

In fact, the influence of these factors is 
of such importance that they justify more 
than passing mention and warrant a com- 


plete discussion solely devoted to the 
subject. 
The method set forth in this paper 


regards only the hydraulic performance and 
the propositions have been proved true to 
fact in many installations of both small 
and large pumps. 

Five large units recently made for a 
synthetic rubber plant, designed for 11,000 
gpm. and total heads of 160 feet operating 
at 1170 rpm., developed efficiencies that 
complement the procedure outlined in this 
text. These pumps were two-stage ma- 
chines with outside diameters of 27% in. 

In another instance fifteen 30%-in. O.D. 
units, each designed as single-stage pumps 
to deliver 13,000 gpm. at 133 feet total head 
operating 1200 rpm., likewise complemented 
this test. 

These designs executed by the writer and 
many others covering pumps of different 
sizes have proven the practicability of the 
proposed method of pump selection. 

Basing a conclusion on over 10,000 in- 
stalled units indicates that the majority of 
requirements can be efficiently served by 
pumps where “specific speed” per stage 
ranges from approximately 2000 to 3000. 

This does not mean that pumps of higher 
N, values do not have a field of operation. 
There are circumstances wherein wells are 
repaired by liners inserted in the upper 
casing to blank off sections where corro- 
sion or other causes have punctured the 
original structure. A liner of small diame- 
ter properly secured will save an expensive 
well and the final cost, even when using a 
small pump, will be less than if a complete 
new well were constructed. 

It is believed that an investigation of 
installed deep well turbine pumps will sub- 
stantiate the methods proposed in this 
paper. Aside from proving its validity by 
comparison with installed units, it is hoped 
that, by selecting sizes for new projects 
with respect for optimum performance, 
better results and greater economy will flow 
to the users of well water. 
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Capacity, U. S. 


Column Size, 8-in. 





TABLE III 


Calculation Sheet for 10-in. Pump 
gpm., 1000 
Setting to Top of Bowl, ft., 150 
Size Pump, 10-in.; Class ‘‘C,"’ 4100 


Field Head, ft., 260 


R.p.m., 1750 
Ns for One Stage, 4350 
Number of Stages, 9 

Line Shaft Size, 111/16-in. 


























_Size Motor—100 hp. Phase 3 Cycle 60 
Computation of Head Computation of Customer’s Cost 
Surface to Pumping Level......... = 105.00 ft. Motor ...... eaee coces SE Mee 
Head Above Surface...........+...: = 155.00 ft. Disch. Casting ....... = 115.00 
—_——_ COENEN occcccecsceecses = 700.00 
Sum = Field Hen ncccccccee -- = 260.00 ft. PUMP BOW! .ccccscccece = 570.00 
Add to Field Head Friction in 150- a 
Ds. GHEE. yon ss dncedanaceansoede = 6.96 ft. MOD scewinveanrwees $2321.00 
Sum of Field Head and Column 
Friction Lab. or Total Dynamic 
DD -ccbneeeeneeheneneudeeuee ceeds = 265.85 ft. 
Laboratory Efficiency .........csse. = 8.22% 
Computation of Horsepower 
(= gpm. X 265.85 a) 
3960 = 81.70 hp. 
82.2 Lab. Eff. 
Hp. Loss in 150 ft. 111/16-in. Shaft = 2.15 hp. 
es: Gh WeR GK, cdtticcntvascasess = 83.25 hp. 
Calculation of Field Efficiency 
(= gpm. X 260 Field =) 
3960 = 78.4% 
83.85 Field Hp. 
Calculation of Wire to Water Efficiency 
Wire to Water Eff. 
78.4 Field Eff. X 90 Motor Eff. = 70.5% 
Calculation of Power Costs 
Cost per Hour of Actual Operation 
1000 gpm. X 265.85 TDH. X .0001884 xX .01 Rate per Kw Hr. 
) = $0.71 per Hr. 
70.5 Wire to Water Eff. 


Theoretical Cost per Hour at Given Motor Eff. 





(= gpm. 265.85 TDH. xX .0001884 X .01 Rate per Kw =) 
90 Motor Eff. 
Difference in Cost Between Actual and Theoretical...................- 


Diff. Bet. Actual and Theo. Cost of Oper. for Year of 4380 Hrs. 


= $0.154 


= $0.556 per Hr. 


$0.154 per Hr. 
< 4380 — $674.52 


\| 





TABLE IV 


Calculation Sheet for 12-in. Pump 


Capacity, U. S. gpm., 1000 
Setting to Top of Bowl, ft., 150 
Size of Pump, 12-in.; Class “‘A,’’ 3000 


Column Size, 8-in. 


Size Motor—100 hp. 


Computation of Head 
Surface to Pumping Level.. 
Head Above Surface........ 


Sum = Field Head 


Field Head, ft., 260 


Add to Field Head Friction in 150- 


ft. Column 


Sum of Field Head and Column 
Friction Lab. or Total Dynamic 


Head 
Laboratory Efficiency 


Computation of Horsepower 














1000 gpm. X 265.85 TDH. 

= 77.50 hp. 

3960 

86.7 Lab. Eff. 
Hp. Loss in 150 ft. 111/16-in. Shaft = 2.15 hp. 
ND. GE Dele BN vcccccenccceccacass = 79.65 hp. 
Calculation of Field Efficiency 
(-" gpm. X 260 Field — 

3960 = 82.5% 





79.65 Field Hp. 


Calculation of Wire to Water Efficiency 


Wire to Water Eff. 
82.5 Field Eff. X 90 Motor Eff. = 14% 


Calculation of Power Costs 


Cost per Hour of Actual Operation 








(= gpm. X 265.85 TDH. xX .0001884 xX .01 Rate per Kw =) 


74 Wire to Water Eff. 
Theoretical Cost per Hour at Given Motor Eff. 


1000 gpm. X 265.85 TDH. 





x .0001884 xX .01 Rate per Kw w) 


80 Motor Eff. 


R.p.m., 1750 
Ns for One Stage, 3200 


Number of Stages, 6 
Line Shaft Size, 1 11/16-in. 
Phase 3 Cycle 60 
Computation of Customer’s Cost 
eel = 105.00 ft. BENGE sececcccecitscsce SO Oe 
éseeeeey = 155.00 ft. Disch. Casting ....... = 115.00 
—__- SS eae = 700.00 
ere = 260.00 ft. CD cocdcetrecsiscncce OE Gee 
acsenawe = 6.86 ft. 0 a ee $2351.00 
souuemae = 265.85 ft. 
cinensae = 86.7% 


— $0.676 per Hr. 


= $0.556 per Hr. 


Olfference in Cost Between Actual and Theoretical................-. = $0.120 per Hr. 
Diff. Bet. Actual and Thee Cost of Oper. for Year of 4380 Hrs. — $0.120 X 4380 = $525.60 
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PART Iil 


Anticipating Ground Wate; 
Level Recession 


ymnsemsieo SABLE and expendable re. 
rces approach near exhaustion when 
the principles of conservation are igno 

misunderstood or misinterpreted, Wate 
one of these resources which is supplied te 
nature in quantities governed by ittevoe 
able laws that are and have been essential}, 

: y 
uniform through the ages. , 

The popularity and increased employ 
ment of wells and pumps in public utili, 

° ° y 
and industrial fields has put unprecedented 
demands upon ground water supplies, From 
records it appears that because of Vigorous 
pumping, demands are greater than the 
natural supply, and statistics on the trend 
of ground water levels in many sections 9; 
the United States point to a decided pees 
for legislation to control well constructigy 
and regulate operation. . 

Men in close touch with the situation 
realize that in the arid and semi-arij 
regions of this country human life ang 
industry to a great extent depend upoy 
well water for their existence, and that if 
by reason of deep water levels the pump. 
ing costs become prohibitive, future de. 
velopment is questionable and may become 
impossible. Population and industry, being 
mutually associated, then become static, Tp 
the states belong the duty of prescribing 
specific laws on ground water conservation 
in their particular confines, with due re. 
spect for bordering states which might be 
injured by too ambitious limitations. Per- 
haps general laws relative to interference 
of one state with another as regards water 
depletion belong to the Federal Govern- 
ment, but certainly not the detail organiza- 
tion within the states. 

There is a special reason for making this 
statement, and the basis for it is found in 
the first annual renort of the U. S. Ge- 
logical Survey published in 1900. Reference 
to this will be made later. The eradual 
lowering of the ground water table cannot 
be traced to any one cause but is rather 
the result of economic expansion in its 
many phases. This expansion affects the 
natural underground reservoirs from which 
wells get their supply and also affects the 
surface streams. It changes the charac- 
teristics of rivers, often engendering flash 
floods in seasons which in the past were 
without floods. 

Lakes have been known to become dn 
because their sources of supply, which were 
springs or flowing wells, no longer cot- 
veyed the water from the former water 
level near the ground surface. Some of the 
north midwestern states which have become 
deservedly famous for their beautiful re 
treats have actually had to resort to deep 
well pumping as the source of supply a 
water to maintain and perpetuate lake 
levels. 


Causes of Ground Water Recession 


Opinions on the causes of ground water 
recession differ. There is no denial that 
the causes are several, but the degree ™ 
which each cause affects the whole has 
been the subject of debate. 

The source of all fresh water supply 
existing either in the ground or on the 
surface is precipitation in the form of rail 
or melting snows. In the case of gr 
water the supply enters at locations where 
the layers or strata of the earth bend o 
tilt upwards so that the ends of the form 
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TABLE V 


Calculation Sheet for 15-in. Pump 


Size Pump, 1 


Column Size, 10-in 


Size Motor—100 hp. Phase 3 Cycle 60 


1750 


Capacity, U. S. gpm., 1000 Field Head, ft., 260 R.p.m., 
ting to To op of Bowl, ft., 150 Ns for One Stage, 1930 
Set 5-in.; Class “A,” 2000 Number of Stages, 3 


Line Shaft Size, 1 11/16-in. 





—computation of Head 

















79.65 Field Hp. 


Calculation of Wire to Water Efficiency 


Wire to Water Eff. 
82.5 Field Eff. xX 90 Motor Eff. = 74% 


Calculation of Power Costs 
cost per Hour of Actual Operation 
(= gpm. X 261.50 TDH. X .0001884 xX .01 Rate per Kw. =) 


74 Wire to Water Pff. 
=.) 


Theoretical Cost per Hour at Given Motor Eff. 
Difference in Cost Between Actual and Theoretical.............. 








1000 gpm. X 261.50 TDH. X .0001884 X .01 Rate per Kw. 
| 90 Motor Eff. 








TABLE VI 


Calculation Sheet for 17-in. Pump 
Capacity, U. S. gpm., 1000 Field Head, ft., 260 
Setting to Top of Bowl, ft. , 150 
Size Pump, 17-in.; Class a ** 1500 
Column Size, 10- in. , 


Diff. Bet. Actual and Theo. Cost of Oper. for Year of 4380 Hrs. = $0.12 x a= = $526 


R.p.m., 
Ns for One Stage, 1420 
Number of Stages, 2 

Line Shaft Size, 1 11/16-in. 


Computation of eevee ¢ Rn 


c si 
ing Level.......-.--. = 105.00 ft. BE wnneceecdasssases 936.00 
site eg Surlace EEA ED = 155.00 ft. Disch. Casting at Sur- 
feed ADOVE ald Head ...........- = 260.00 ft. -penpinciiner terol = 141.50 
sum = ——-- - CE gc ccdcsendaces . = 900.00 
4 to Field Head Friction in 150- <0 PUR DOME ois ccresces - = 600.00 
BP Meee . ccoccsctecsceecoeteces = = .50 ft. PS sch ce 
2 Coumee ' oa EE = $2577.50 
eld Head and Column 
Sum, fon Lab. or Total Dynamic F 
Head sescsrecerserceeerecrcerens = 261.50 ft. 
aporatory Efficiency .....++++++++. = 85.12% 
Computation of Horsepower 
(= gpm. X 261.50 =) 
3960 == 77.56 bp. 
85.12 Lab. Eff. 
Hp. Loss in 150 ft. 111/16-in. Shaft = 2.15 hp. 
Fe, Serer rere er rr = 79.65 hp. 
Calculation of Field Efficiency 
(— gpm. X 260 Field —) 
3960 = 82.5% 


= $0.667 per Hr. 


= $0.547 per Hr. 


= $0.12 per Hr. 





1750 





Sum of Field Head and Column 
~ em Lab. or Total Dynamic 


: 


261.50 ft. 
660seeessesannnein 81.5% 


Computation of Horsepower 


Lametery Efficiency 














83.15 Field Hp. 
Calculation of Wire to Water Efficiency 


Wire to Water Eff. " 
79 Field Eff. xX 90 Motor Eff. = 71% 


Calculation of Power Costs 
Cost per Hour of Actual Operation 
—) 
=) 





(= gpm. X 261.50 TDH. xX .0001884 X .01 Rate per Kw. 


71 Wire to Water Eff. 
Hour at Given Motor Eff. 
TDH. X .0001884 X .01 Rate per Kw. 


90 Motor Eff. 


Theoretical Cost per 
(“ gpm. X 261.50 





Difference in Cost Between Actual and Theoretical.... 
Diff. Bet. Actual and Theo. Cost of Oper. for Year of 4380 Hrs. = 





(-- gpm. X 261.50 a) 

3960 81.00 hp. 
81.5 Lab. Eff. 
Hp. Loss in 150 ft. 111/16-in. Shaft = 2.15 hp. 
Sum = Field AP. .cccccccsccccesece = 83.15 hp. 
Calculation of Field Efficiency 

(— gpm. X 260 Field ~) 

3960 = 79% 


eee eee eee et eeeee 


$0.146 


Size Motor—100 hp. Phase 3 Cycle 60 
Computation of Head Computation of Customer’s Cost 
Surface to Pumping Level......... = 105.00 ft. DEE oc ctcncsscasenues = $ 936.00 
Head Above Surface. .....cccsceceees = 155.00 ft. Disch. Casting at Sur- 

-— BOO nccucecteseeesesv = L 
mn at PINE TOE nccccccesess = 260.00 ft. Perr tT = 900.00 
Add to Field Head Friction in 150- Pues DOE vcciscceves = 600.00 

BD GEER cccccccccvccsscscsceeccess 1.50 ft. - 
ed TE cncwhotkeenne ieeeee $2577.50 


I 


$0.694 per Hr. 


= $0.548 per Hr. 


= $0.146 per Hr. 
xX 43880 — $639.48 
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tion act as collectors. The outcropping 
layers are invariably covered with vege- 
tation and this area is commonly called 
a watershed. 

Excess water that does not enter the 
earth at the outcrop drains down the sur- 
face slopes and is called run-off water. 
The water that thus flows to the creeks 
and rivers is diminished by evaporation 
and percolation into the top soil over which 
it passes. 

Most large rivers originate in forest 
areas or areas of rock outcrop. As they 
journey to the sea, drainage from hills 
and mountains arrives at the river after 
flowing over the plains, which for centuries 
have been areas of aggregation built up 
by residual soil, deposited by the run-off 
water from the hills. 

The rich soil lying near the river is 
punctuated by shallow depressions filled 
with land-locked water forming swamps. 
While swamps are the natural habitat of 
insects, which in many cases cause tever 
and other human misery, they also serve 
as recharging means whereby moisture can 
slowly percolate into the soil. The rich- 
ness of the soil near rivers lures agricul- 
ture. Because of this, swamps and low- 
lands are drained, quickening the run-off 
and delivering to the rivers great quanti- 
ties of water, sometimes in volume that 
the rivers cannot handle immediately, and 
thus we have overflows or floods. It 
seems reasonable to believe that the drain- 
age systems have affected somewhat the 
underground storage, but this factor alone 
cannot be said to have a major influence. 
The immediate benefits derived from the 
rich drain soil far outweigh physical 
discomforts which would accrue if the 
land were allowed to revert to swamps. 

Forest fires and indiscriminate timber 
cutting have done much to destroy the 
blanket or mat of leaves or other vegeta- 
tion which earlier acted as a sponge that 
retained the moisture and allowed slow 
percolation into the soil. 


The Need for Governmental Regulation 


The subject of ground water origin and 
the variation in underground levels is 
indeed a highly specialized subject and 
these few remarks are intended to illustrate 
that the fundamental changes in pumping 
levels from year to year are not under 
the immediate control of well water users. 
Because of increased pumping cost due to 
receding levels, the future will perhaps 
invite favorable regulations relative to the 
number and capacity of wells permissible 
in a given area. It is, of course, under- 
stood that such regulations should not be 
arbitrary, but in each district or area must 
be peculiarly adapted to the geological con- 
ditions governing the water supply in that 
area. 

It is reasonable to believe that control 
will be indexed to geological conditions, 
but it is interesting to note that govern- 
ment regulations do not always follow nat- 
ural laws. It is easier to issue blanket 
rules and follow precedent. The first 
annual report of the U. S. Geological 
Survey published in 1900 suggests the 
fallacy of such procedure when it reveals 
that the government surveyors, when de- 
termining the boundaries of western land 
division, merely were concerned with 
square or rectangular plats, all of essen- 
tially equal size, extending to regions that 
had no access to the run-off surface water 
near the mountains. Up until the time 
when the development of ground water 
supply and deep well pumping was well 
under way, settlers often found that they 
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TABLE VII 





Efficiency Corrections for Various Stages* 


Number Stages 
5 


1 2 3 4 6 7 8 9 
50 al en isa aeSe ae ae sale cas 
56 57.5 58.5 59.5 60 60.5 60.5 60.5 60.5 
57 58.5 59.5 60.5 60.5 61 61 61 61 
58 59.5 60.5 61.5 61.7 62 62 62 62 
59 60.7 62 62.7 62.9 63.2 63.2 63.2 63.2 
60 62 63 64 64.2 64.5 64.5 64.5 64.5 
61 62.7 64 64.7 64.9 65.5 65.5 65.5 65.5 
62 63.5 65 65.5 66 66.5 66.5 66.5 66.5 
63 65 66 67 67.5 68 68 68 68 
64 66 67.2 68 68.5 69 69 69 69 
65 67 68.5 69 69.5 70 70 70 70 
66 67.6 69 70 70.5 71 71 71 71 
67 68.6 70.2 71 71.5 72 72 72 72 
68 69.5 71 71.9 72.5 73 73 73 73 
69 70.7 72 72.7 73.5 74 74 74 74 
70 71.5 73 74 75 75.5 75.5 75.5 75.5 
71 i3 74.5 75.2 76 76.5 76.5 76.5 76.5 
72 74 5.2 76.5 77 77.6 77.6 77.6 77.6 
73 75.2 76.7 77.5 78 78.5 78.5 78.5 78.5 
74 76 77.5 78.4 79 79.5 79.5 79.5 79.6 
75 77.2 78.7 79.6 $0.2 80.9 80.9 80.9 80.9 
76 78 79.5 80.7 81.5 82 82 82 82 
37 79 80.7 81.6 82.5 83 83 3 83 
78 80 81.5 82.5 83.4 84 84 84 84 
79 81 82.5 83.5 $4.2 85 85 85 85 
80 $2 83.5 84.5 85 86 86 86 86 
81 83 84.5 85.7 $6.2 $7 87 87 87 
82 84 85.5 87 87.5 88 88 88 88 
83 85 86.5 88 88.5 89 89 89 89 
84 86 88 89 90 90.5 90.5 90.5 90.5 
85 87 89 89.8 90.5 91 91 91 91 
86 8S 89.5 90.5 91.5 G2 92 92 2 


*As revised Feb. 11, 1944. 


were located in essentially desert land and, 
in order to secure water, were put to great 
expense and endless litigation over water 
rights. The method aad plan of western 
land subdivision were under the super- 
vision of surveyors whose past experience 
had been confined to similar work in the 
humid and semi-humid areas of the east 
and midwest where surface water was 
extant and plentiful, since precipitation 
was generally uniform. 

It will always be a matter of conjecture 
as to what would have been the degree 
of western land development if deep well 
pumping had never been instituted, but 
it is modest to venture the statement that 
wells and pumps prevented the uninten- 
tionally erroneous principles of land sub- 
division from becoming a matter of serious 
consequence. Irrespective of geographic 
locations, large cities and industries are 
naturally regions of dense population, and 
when their water supply comes from wells, 
the concentrated demand upon the ground 
water supply in a relatively small area 
becomes greater than the natural replen- 
ishment. 

Therefore, in these areas the pumping 
elevation drops to low levels. Thereupon, 
even as much as twenty or thirty miles 
away the levels will be affected, but not 
as greatly as in a confined pumping area. 
Several cities in the United States have 
recognized this fact and have located their 
wells miles away from the city proper. 

Very large cities generally depend upon 
surface supplies because the ground water 
to supply a well system cannot flow in 
through the strata fast enough to supply 
the great withdrawal demand. 

Most of the data on receding ground 
water levels are taken from dense popu- 
lation centers. These observations indi- 
cate an average drop of from three to 
four feet a year. In general, such sections 


take their water supply from a strata or 
stratas fed by one of the continental water 
sheds. There are, however, countless minor 
water sheds which support small commu- 
nities, and while the water levels lower, 
they recover rapidly, and since the distance 
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from the outcrop to the wells is small, the 
time to replenish the depletion is shortened. 

Precipitation is essentially uniform from 
year to year, and the amount of rainfall 
in humid and semi-humid sections is suffi- 
cient for human needs. A forty acre 
cornfield consumes as much water in a 
good season as a town of 3,000 people 
using water at the rate of 15 gallons a 
day per person. It cannot be argued that 
such a crop robs the ground water supply, 
since its thirst is satisfied from a depth of 
not more than seven feet in the earth. 

It is true that some of the wild grasses 
have root systems that extend down twenty 
feet, but it cannot be said that this con- 
dition affects the ground water level. 


Industrial water requirements in many 
instances are very heavy, and when a fairly 
large city composed of many workers must, 
besides furnishing a domestic water supply, 
also supply well water for a great number 
of factories, the pumping level will nat- 
urally be deep. Frequently industrial plants 
have their own well water supply and if 
no consideration is given to interference 
due to closely grouped wells, the water 
table throughout a considerable area will 
be seriously affected. This seems to be 
the condition prevailing in the Eastern sec- 
tion of the United States and to a large 
extent in the Midwest. 

The Southwestern area of the country 
and a large portion of the Southwest coast 
lie in what is considered the arid and 
semi-arid , zones. Unless precipitation, 
which is not sufficient for agriculture, is 
augmented by artificial irrigation, a large 
portion of the West would still be desert- 
like in character. Were it not for ground- 
water supplies and deep well pumps, the 
wonderful industrial development which is 
so dependent upon agricultural prosperity 
would indeed be nonexistent. 


The West Responsible for 
Much Deep Well Progress 


In no other section of the world will 
you find people of every walk in life so 
water-conscious as in the Southwestern 
United States. It is a fair assumption 





that in rere alone 
water wells per square mil : 
other place on the globe. To thea ay 
Southwest is due most of the oun 
progress in improved well constructigs ar 
for pump refinement developments of 
cent years. te 
Their water conservation laws and wel 
construction regulations are the aaa 
many years of practical experience - 
while they are peculiarlv adapted ay 
geological characteristics of their “a 
these laws and regulations can be of os 
as guides in the making of rules {or “ 
Midwest and East. Some of the sta “ 
in these latter sections have comple 
legislation on the subject, with aa 
emphasis directed towards some 4 oe 
of control over well water supplies fe 
industry as well as for municipalities 


Looking Ahead at Possibilities 
When Developing Well Supplies 


you will fing 







Until the time arrives when water 
supply from wells can be controlled by 
regulation of industrial density, deep wei 
centrifugal pumps should be selected whic: 
will under existing conditions serve th, 
user over a long period before extensio, 
of the pump column becomes necessary, 


In Part II it was explained by graphs 
and examples how deep well pumps thi 
operated at a specific speed of approx. 
mately 2,500 per stage would, because oj 
high efficiency, warrant the extra first cog 
of wells for such pumps. Now it is the 
intention to show that pumps of this sp. 
cific speed and under also have desirable 
suction characteristics of great importance 
when ground water levels are receding, 

Deep well centrifugals are generally sol 
under a guaranty based on condition 
wherein the water level when pumping js 
above the lowest impeller. In a way this 
infers that pumps will not operate satis. 
factorily if the water stands below the 
impeller. This seeming paradox resen- 
bles somewhat the real paradox of the 
bumble bee, which from an aero-dynamic 
point of view cannot fly but does. 

It is true that some deep well centri 
fugals will not operate unless flooded, 
but it is the intention to consider how in 
view of water level recession in well, 
savings in pump column additions can ke 
affected by the use of pumps with a specific 
need (Ns) of approximately 2,500. It 
is the intention to show that pumns oper- 
ating at approximately this specific speed 
will, when necessary, because of ther 
design, operate with water levels consider- 
ably below the pump proper, provide 
sufficient suction pipe is used. This latter 
characteristic will make it unnecessary to 
pull a pump and add suction column « 
frequently as might be the case with pump 
of higher specific speeds (Ns). 


Commercial Significance of 
"Specific Speed" 


The commercial significance of the tem 
“specific speed” is very real and is a key 
to the proper selection of deep well cet 
trifugal pumps. The technical definition 
of specific speed and the part it plays 
design will be neglected, since the subject 
under consideration is that of selecting 
from a group of standard commercially de- 
signed pumps (of various specific speeds) 
that one best suited for a particular hy 
draulic condition. ao 

“Specific Speed” is not the capacity ® 
a pump, nor its head per stage, nor Ut 
revolutions per minute, but it is these thre 
variables combined in a proper manner at 
expressed in one term. 
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10. Design Characteristic of Impeller 


v Specific Speed (Ns) 





pendent upon atmospheric pressure. Many 
tests have provided empirical factors for 
various design types and from these data 
suction performance can be determined. 


Impeller Characteristics and Lift Capacities 


Turn for a moment to Fig. 10, illus- 
trating an impeller of low Ns, and you 
will note that the diameter of the impeller 
considerably larger than the so-called 

of the impeller, through which all 
the water must enter. The blades that 
“bite” into the fluid at the eye extend 
themselves to the outside diameter of the 
impeller and in doing so form long 
channels that guide the outward flowing 
streams through smooth tunnels. Such 
proportions are conducive to high suction 
lifts, which means, of course, that such 
an impeller will successfully and efficiently 
pump when the water level is well below 
the pump. In a way it can be imagined 
that long channels have a firmer grip on 
the flowing water and using a common 
expression, they will “pull water” from 
considerable depths. 


is 


eye 


Looking at Fig. representing a high 


Ns impeller, we see a large eye in com- 
parison with the diameter and _ blades 
forming short channels. This condition 
does not favor pumping from considerable 
depths below the impeller; and, in some 
hydraulic duties, this type of impeller 
requires water under a positive head at 


the eye in order to pump efficiently. 

It must be remembered that regardless 
of the Ns value, all centrifugal pump 
bodies must be filled with water at the 
start of operation. 
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Table VIII. Ns Values for 1750 RPM., Head 5 to 36 Ft. Table 1X. Ns Values for 1750 RPM., Head 40 to 130 Ft. 
lust as the letters of an alphabet com-  peller follows laws which defy strict Because of the limits imposed by at- 
ve to make words, so the three variables mathematical definitions or analysis. Be- mospheric pressure, the maximum distance 
apacity, head, and speed—are the com- cause of this it is necessary to modify which water can be lifted is theoretically 
nents of equations which evolve the known laws by empirical factors derived 33% feet at sea level. Friction losses, 
erm “Specific Speed,” commonly referred from tests, or found in the field of prac- the energy required to move water and 
as Ns value. tice. One of the several characteristics is other factors limit the maximum lift to 
Small values of Ns are indexed to pumps _ that of suction performance, which is de about 25 feet. But this maximum lift 


can be realized when certain speeds are 
employed. Within the limits determined 
by the partcular type and design, greater 
amounts of water can enter a pump with 
an increase of shaft revolutions. The 
upper limits on this behavior are reached 
when the water is considerably below the 
pump. Every foot of lift below the im- 
peller reduces the net atmospheric pres- 
sure available for forcing water into the 
impeller eye. There comes a_ condition 
near the high suction lift region where 
the inlet velocity to the impeller can no 
longer, because of low absolute pressure, 
support an increase in capacity regardless 
of the revolutions per minute of shaft. 
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Fig. 11—Design Characteristic of Impeller 
of High Specific Speed (Ns) 
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Table X. Ns Values for 
How “Specific Speed" Is Determined and 
Ns Values Tabulated for Ready Use 


‘ 


Throughout this article 
has been mentioned frequently and means 
this 


‘specific speed” 


for determining value will now be 


presented. 


The formula used to derive the “specific 


is expressed as follows: 


speed 


VGPM XxX RPM 





Ns = —_—— --- 
H % 
RPM |; GPM 
or Ns _— - a \ —— - 
VH VH 


In commercial work, however, it is not 
desirable to complicate procedure by lavish 
use of formulas and especially not with 
mathematical expressions involving odd 
powers. 

Since the value Ns is considered of 
prime importance (and is, in fact, the crux 
of this article), values of Ns have been 
calculated and set up in table form. Two 
sets of tables are presented for 1,750 rpm. 
(see Tables VIII and IX) and one for 
1,170 rpm. (see Tables X and XI). These 
cover the two 60 cycle speeds, but a com- 
prehensive set of similar tables could be 
prepared for various other speeds, and the 
limits on head and capacity as shown on 
these representative tables could be extend- 
ed to any values desired. 

The data on sales density, as derived 
from an analysis of at least 10,000 tran- 
sactions, indicates that from 70 to 80 per 
cent of all deep well centrifugal pumps 
installed in the United States are of the 
capacity and head per stage covered in 
these four tables. 

By inspection of Tables VIII, IX, X, 


roots or 


XI, it will be seen that the head and 
capacity are graduated in determined 
values. Specific speed values are deter- 
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40 Ft. 


mined by finding the capacity in question 
on the left side of the table and moving 
across horizontally until the vertical col- 
umn showing the head in 
reached. In the square in this particular 
head column on line with the capacity 


value will be found the specific speed (Ns) 
for that capacity, head and rpm. under 
consideration. Specific speeds for condi- 


question is 
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Chart for Determining Characteristics of Pumps 
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Table XI. N, Values for 1170 RPM., Head 45 to 140 Ft. 


tions not specifically listed can be fou 
hy interpolation so long as these are withi 
the limits of the tables. 

These tables cover Ns values between 
low limit of essentially 1,300 and a hig 
of practically 4,100. This range has bee 
found suitable for deep well pumps of th 
centrifugal type. Occasionally hydraulic 
duties are encountered indicating Ns value 
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outside these limits. Such cases require 
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Ow pumps of special design and construction. 
4 
| ve 
ns Analysis Charts for Pumping Problems 
a The majority of deep well centrifugal 
pumps problems can be analyzed for suc- 
= tion performance through the use of Fig. 
ae 14 when values of Ns and head per stage 
ow have been assumed. To illustrate let us 
“ consider the permissible suction conditions 
. for two unrelated and independent cases 
v4 with respect to Ns and head only: 
# Case No. 1. Ns=2,000 and head is 50 
” feet per stage. From Fig. 14 it is seen 
7 - that a pump fulfilling these values will op- 
N20 x erate when the water level is 20 feet below 
¥ | ea the bottom impeller without danger of cav- 
5 $2 itation. (See footnote—Ed.) 
i ¥§ Case No. 2. Ns=3,500 and 110 feet per 
e Ry stage. Fig. 14 for this condition indicates 
2 that the water level when pumping must 
S : stand at least 15 feet above the lowest im- 
6 peller in order to insure efficient non-cavi- 
5 tation performance. 
In a city water works or an industrial 
$4 installation or any prospective deep well 
P mec 
ae — bat Cavitation, ge by 
sounds like shot passing through the pump 
8 8 g casing, has been frequently assumed to be 
He * § % 8 g gR XN g3 i due to email air bubbles traveling under 
+} oF — F P = high speed. To the contrary, cavitation is 
tS Fig. 13. Chart for Determining Characteristics of Pumps Operating at 1750 RPM evidence of vacuum within the pump.] 
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supply, where progressive water level re- 
cession is anticipated, pumps with proper 
characteristics can be obtained that miti- 
gate the annoyance due to inevitable chang- 
ing well conditions. 

Case No. 1 and Case No. 2 were con- 
cerned only with Ns and head per stage. 
Pump selection for favorable suction char- 
acteristics can best be shown by a concrete 
example that confines the choice to two 
pumps, either one capable of delivering 
1.650 gpm. against a head of 250 feet. 

Good practice indicates that pumps for 
this capacity can operate at either 1,170 or 
1,750 rpm. 

An 1,170 rpm. unit can be termed a 
Class “A” pump and is preferred because 
the diameter of this class of pumps insures 
water passages with smooth flow lines and 
easy curvature. Five stages can be em- 
ployed, each stage generating 50 feet. From 
the specific speed tables the Ns is indicated 
as 2,510 and this value for 50 feet per stage 
on Fig. 14 indicates that the pumping 
water level can recede 18 feet below the 
bottom impeller before column extension 
is necessary. The diameter of such a pump 
is determined from Fig. 12. 

A pump of 1,750 rpm. for the hydraulic 
duty mentioned can be of the Class “C” de- 
sign wherein the pump proper is held to a 
relatively small diameter (see Fig. 13). 
Five stages, each one generating 50 feet 
head at 1,750 rpm., result in an Ns value of 
3,780. From Fig. 14 it is seen that the 
pumping level can recede to only 8 feet be- 
low the lowest impeller before the threshold 
of cavitation is reached. Any further re- 
cession will affect the performance. As- 
suming that the water level recedes at the 
rate of 3% feet per year, it appears that 
before suction column extension is neces- 
sary, the large diameter slow speed pump 
(1,170 rpm. and Ns 2,510) will operate 
two years and three months longer than 
the higher speed (1,750 rpm. and Ns 3,780) 
small diameter pump. 

In some sections the recession rate is 
greater than 3% feet per year and natur- 
ally the analysis will indicate a different 
period of operation before column exten- 
sion becomes necessary. It is realized that 
if the primary installation is deep enough, 
the critical period for column extension 
may be reached at the time when replace- 
ments either due to wear or obsolescence 
are This is true regardless of 
type. 

Unfortunately many pumps are sold with 
the major emphasis on first cost, and since 
a good proportion of cost is in the column, 
short settings are the rule rather than the 
exception. 

Aside from potential submergence prob- 
lems, another important feature must be 
recognized. In quite a few instances the 
upper well casing or pit, wherein the pump 
is located, has been impaired by corrosion. 
An internal liner is often set within the 
well casing to seal against leakage into the 
well from undesirable strata. The liger re- 
duces the net diameter of the well pit, forc- 
ing the use of a smaller pump. If the pri- 
mary diameter is small, the use of a liner 
may necessitate a reduced capacity pump, 
or mixed flow pump, of high Ns and low 
head per stage. A great number of stages 
then become necessary, and such a pump 
has characteristics different from the cen- 
trifugal which may require a motor fitted 
with an extra high capacity thrust bearing. 
Summary 

It is believed that if more attention is 
centered on selecting pumps of preferential 
diameter, set at favorable depths, deep well 
pumps will, because of better performance, 
add to the economic welfare of both the 
owner and the manufacturer. 


necessary. 
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PART IV 


Charts for Selecting Pumps of 
Proper Size 


NE of the essential keys to fine engi- 

neering achievement is the intelligent 
use of application data. The real test of 
engineering lies in performance and when 
the customer says a machine does a job 
superlatively well, then something worth- 
while has been achieved. The deep well 
centrifugal pump is one of many machines 
that depends upon correct application data 
for successful field performance. Such data 
differ from the theoretical hypothesis that 
flourish in academic discussions, in that 
they are the best fruits of such symposia, 
applied in laboratory experiments on ma- 
chines that have been designed according 
to fundamental laws. 

Progressively the machines are modified 
to incorporate improvements planned to 
match patterns delineated by reactions ob- 
tained in the field of operation. It is the 
urge to excel in utility and performance 
that inspires new design and improves the 
old. When laboratory and field results are 
reconciled, data are prepared for the use 
of professional engineers. So delightfully 
smooth is this process of transition, that it 
is almost impossible to draw lines of de- 
marcation for each factor as it comes into 
play. 

New fields of operation and changing 
conditions justify continued research, for 
it is in the laboratory, when necessity re- 
quires, circumstances can be varied at will 
and conditions artificially created that make 
it possible to quickly determine improve- 
ments that otherwise might require years 
to materialize. Such a cycle overcomes the 
rigidity of mistaken opinions that can pre- 
vail in the absence of control. 

A broad and general view of the activity 
of these forces in their operations together 
can be obtained by using a biological an- 
alogy. Inferior specimens in the animal 
kingdom are weeded out, and there remains 
a group which nature has produced, pos- 
sessing varying degrees of fitness. The 
weaker in this group do not survive to re- 
produce; only the stronger remain to re- 
create a stronger strain. Progressive gen- 
erations, while still retaining their basic 
characteristics, tend to a higher mid-par- 
ent, represented by a mean between the 
varying degrees of excellence in the re- 
maining group. 

We can extend the biological analogy 
into the field of manufacture, and, while 
this field is intimately connected to that of 
engineering, it differs in respect that it is 
not under the direct influence of or subject 
to the demands of the purchaser. It is twice 
removed, since engineering must first inter- 
pret the sales demand and then plan ac- 
cordingly. When the designing period 
ceases, production should begin. Because 
of the natural and inevitable sequence of 
steps in manufacture, production lags be- 
hind the ideas and expectations of the dis- 
criminating purchaser. How much this lag 
should be, in terms of time, depends upon 
several factors, such as sales demand, en- 
gineering alertness, policy of manufacturer. 

Manufacturing policy is perhaps the 
greatest intangible, as it varies according 
to the type of machine, and it changes as 
the development of the object progresses. 
The modern deep well centrifugal pump 
has attained its high degree of perfection in 
less than forty-five years. Like the pri- 
mary stage of science, which is observa- 















tional, the many and various designs ip, 
early part of this century were D a ID the 
of observations on cut and try metina 
engineering. . ods 
_ In this period, the accumulation of ¢p. 
ings and patterns has heen quite gre. = 
except for the sake of repair rater a 
large percentage of pump types can A . 
sidered obsolete and should be retired Pa 
production. Reluctance in retiring mg 
designs is to a certain extent excusabl r 
in development, minor changes cm. 
rapidly that supplanting complete old s 
signs would incur financial loss { > 
manufacturer. ~— 

The rate at which designs have impr 
vas been greatly accelerated in the ps 
years, and under the stress of war a 
gencies, engineering has been more oe, 
and creative than ever. This great ener . 
ing factor has been dedicated to brine 
about complete final victory of war mp. 
rial ; the abilities in design and engineering 
have been planning to use the cumulatie 
results of their experience for the benef 
of peacetime enterprise. The manufactyrin 
skills that have been devoted to vital yg 
work will bring to industry the “kyo 
how” and “can do” that made possible th 
quick conversion from peacetime produc 
to precision ordnance. There is no doyl) 
about the beneficial effect all this will hay 
upon future deep well centrifugal pumps 

Consulting engineers, waterworks me 
and farmers who depend upon irrigation 
for crop raising, are naturally interested jp 
improved wells and modern pumps. Gep. 
erally they know the approximate wate 
supply obtainable from wells in their terri. 
tory, or can procure such information, Dat, 
of this type increase in value as the volum 
of records swells. The more abundant the 
files on the subject of water resources, the 
more complete will be the reflected pictur 
of the natural phenomena which contro 
them. 







Specific Sizes of Pumps Cannot Be 
Prescribed for Variable Natural Resources 


Since man has no immediate control oj 
these variable natural resources, specific 
sizes of pump and well cannot be pre 
scribed which for a given capacity woul 
be suitable for all localities. There are 
some sections in northern Illinois where 
due to the action of glaciers, the geology oi 
the earth has been so distorted that a 12. 
inch well yielding 500 gpm. would be con- 
sidered excellent. Debris deposited by thes 
glaciers formed what is known as moraines 
and the irregularity of these deposits cor- 





fused the earth strata by indiscriminate dis- 
tribution of material so that wells in clos 
proximity to each other often vary widely 
in characteristics. 

In other sections of this country the 
earth strata is composed of alluvial depos 
its regular in form and depth. Arkanss 
has territories where the uniformity of the 
geological structures provides water bear 
ing formations supporting 12-in. wells with 
productions up to 2,000 gpm. Fortunately 
well water for agriculture can be devel 
oped in large sections of some of our Wet 
ern States, where the salubrious climatt 
and the fertile soil invite government at 
tion in offering tracts of land for occupa 
tion by returned service men. 


Charts for Selecting Pumps of 
Proper Proportions 


Selecting pumps of proper proportions 
for different well yields is important, and 
since wells must be large enough to accom 


§ 


modate the pumps, it follows that chart 
embodying data on proper size for certat 
capacities would be quite useful. Sue 
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Charts for Determining Size and Type of Vertical Pumps, Operating at l’arious Speeds 


harts are presented herewith and a brief 
explanation will enable those interested im 
water supply to use them to the best ad 
vantage. 

The charts are prepared for deep well 
centrifugal pumps designated as Class A, 
which are the most efficient and are larger 
in diameter than Class C pumps. They are 
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recommended for duties where essentially 
long periods of operation are required. 
Such pumps, because of relatively high efh- 
ciency, will by reason of power economy 
justify the cost of a large diameter well. 

Class C pumps are less efficient than the 
A class, as they are of smaller diameter. 
Since the wells will be smaller, they are 
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also less expensive, and where the duty is 
intermittent and the operation period dur 
ing a year is of short duration, the cost of 
wasted power due to less efficiency than 
that of Class A will not equal the interest 
or the extra cost of a well suitable for a 
large Class A pump. 
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Charts for Determining Sise and Type of 


The method of selecting the class of 
pump with due respect for economy of op- 
eration was presented in Parts | and II. 

There are two general types of pump 
applications that require Class A pumps; 
they are the public utility field and some 
industries. 

Class C pumps are in favor where agri- 
cultural irrigation extends over a short pe- 
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riod of the year, and they can also be used 
to good advantage in industries of seasonal 
activity such as the canning business. In 
support of the charts which are designed 
to determine pump sizes, there are pre- 
sented herewith several instances. 


Case No. | 
Required a water supply for a small city 
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Vertical Pumps, Operating at Various Speeds 


located in northeastern Illinois. A sure) 
indicates that the strata of Niagara ume 
stone will, because of faults, fissures am 
crevices, supply a 12-in. diameter well wil 
a normal capacity of 450 gpm. The electri 
power characteristics are 60 cycle, 3 phas 
so a 1750 rpm. motor can be used. With: 
pumping level of 97-feet and a 75-foot ele- 
vated tank, the total head becomes 172-fett 
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harged direct into the 


-. water is disc 2 : 
{ the w4 ank is obviated, but the 


seen that a pump 123 in. will be suitable. 
This is a Class A unit, but since the duty 
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approached from an engineering point of 
view, and action is in accord with good en- 


i t 
thy nails, Chaar hen surface should be the of the pumping plant is intermittent and gineering judgment, it is certain that the 
a mr of 30 to 35 lb. for domestic the period of operation relatively short, a dependent financial result will be favorable 
lf egaivalent hich is essentially equal to the Class C pump is satisfactory. The diame- with a Class A pump. 
QB service, : an elevated tank 75-feet high. ter of Class C pumps is generally 90 per Reflecting on these remarks and consid- 
N : ad el 1750 rpm. chart, it can be seen cent of the A Class, so accordingly, the ering the examples, Case No. 1 and Case 
iH a can be either a 11%4-in. in pump in our problem will become 11% in. No. 2, it will be observed that the charts 
LR fut the Tess “A” ynit of 3 stages with im diameter. Further reference to the chart do not predicate arbitrary procedure or 
iS Bb ameter 1800, or 914-in. diameter Class indicates a single stage pump will meet the _ prescribe inflexible values. These charts 
d || in Ns ol < stages, ‘whe an Ns of 3000. hydraulic conditions. show finite pump diameters for various 
+S oe oainn is not used, as is often When using these charts, it must be Capacities, and heads per stage when the 
8 ii seel os eck well construction, there borne in mind that deep well centrifugal revolutions per minute are shown. There 
sei et va encroaching on the nor- PUmp manufacturers have standardized on T€ eight (8) charts, covering eight (8) 
TH} may ‘that make it difficult, if not certain sizes and if interpolated values or gece a eh a . 
obig] mal dial ‘nctall the 1114-in. diameter {rom the charts denote diameters falling 18h speed of 1700 to a low of 98) rpm. 
y sossible, to insta = rae between t standard values. use the siz This will take care of the majority of deep 
th} “ag The choice reverts to the 9%4-in. etween two standard values, use the size  aemnaiieeel bl ine 60 
TTH amp. an af the bieher Me. wi nearest the interpolated point. well centrifugal pump problems using OU, 
4 ‘ump, which because of the higher Ns, will : I Pp ms oh ae: 2 cele conten 
‘men » slightly better in efficiency. It is realized that there are conditions ~ While precise dimensions are indicated, 
BNE cu No.2 Wzes the choice of pump class ie optaonal, certain tolerances are acceptable. |The 
Nom —_ ee he eee ine chats, :. Charts pertain to a collection:of pumps, 
asa Two hundred seventy-five acres of rice piso! a oe ae eee all of homologous design, but by slightly 
Ny ie irrigated using a pumping rate of : rg : modifying the impeller vanes at the peri- 
TH a) gpm. for 75 days, operating 24 hours W here the nominal pump size exceeds phery, the head can be increased at least 
he te - day. In Northeastern Arkansas rice fields 14% in., there may be circumstances where 1) per cent for any size, and in some in- 
Kat eure their irrigation water from alluvial 4 municipal pump problem reverts to a stances more. If, after taking advantage 
N Pap. a that makes possible wells of 12-in. choice between a high and low speed pump. of the 10 per cent margin, the choice falls 
RAN ‘ameter for 1800 gpm. It is, of course, Because of the low first cost, there may  petween two standard sizes, use the larger. 
a | ommended that, where conditions permit, be a temptation to use a high sneed Class The addition of one or two blades in an 
Wave: she well casing should be larger than 12 in. C pump instead of a low speed Class A. impeller will boost the total head per stage 
AN} ‘ith the pumping level 48-feet and dis- !f a complete analysis is made according more than 10 per cent, but often this re- 
mth ge at the surface direct into the irri- to the outline in Parts I and II, it can be suits in a pump with a pressure volume 
THA ri header requiring no head above ‘Shown that false economy may obtain if characteristic a little too flat for good well 
Sek ound, the total head and pumping level ©Perating expense is not given full consid- operation. Parts I, II and III concern the 
ENS Bh the same _ —_ eration. a a selection of the proper class pumps with 
‘? Referring to the 1750 rpm. chart, it is If the problem of size determination is respect for economy. 
xn} 
tL - — _ ~— — a — — ooo _ — - — > 
+ Sh 
nll SOLUTION FEED CONTROL 
Q , By T. M. RIDDICK 
rd 2 Consulting Chemist, New York City 
1; | 
a | n 
2 | ITHIN the past few years there has been a rapid increase sketch.) This location prevents clogging of the feed line by 
Tat in the use of solution teed equipment for pressure filters, sludge or chemicals which have not completely dissolved. (It is 
D and small water supplies with pumping rates of less than about better to have this cock installed at the factory, since the hole 
+148 10 GPM. This trend now fills the long-felt need for apparatus may be drilled more readily at the shop than in the field.) 
of a capacity below that of standard dry feed machines or ; ‘ : 
+H vacuum-type chlorinators. These feeders are of diaphragm or The gauge glass is made by drawing down one end of heavy- 
Thy piston type and discharge roughly a maximum of 250 ml. per walled Pyrex tubing of 38 mm. diameter. The tube, as pictured, 
TH} minute for single units, with duplex rating of approximately is calibrated at 25 ml. and number marked at 100 ml. intervals. 
However, it may be graduated at intervals of 10 ml. with no 


twice this figure. Experience with both plunger and diaphragm 
pumps, operating under a negative head, emphasizes the possi- 
bility of flow stoppage due to clogging of suction or discharge 


overcrowding of division lines. The gauge glass enables the 
operator to observe the height of solution in the crock without 








lines, loss of prime through air leakage, air binding, etc. If 


the machine is fed by a 









































close inspection, and also affords a means for measuring the 
amount of solution used daily since the tube calibration may be 


> age “ee mre ae interpreted in terms of gallons of crock capacity, or pounds 
aa “yt Shae =T"cosben quanta of chlorine, alum, ferric-chloride, etc. 
: os - - 
tent and difficult to judge H In order to ascertain the specific rate of feed, it is only 
— rate the solution is “ necessary to turn the threeway cock 180 degrees. This causes 
— and = i ~ the solution to be drawn from the gauge glass instead of from 
‘A sg lige pecs : ~| gues the crock, and by noting the time (in seconds) required for a 
feed “el dls "age vec 0 drawdown of say 100 ml., or, by observing the drawndown in 
in the accompanying draw- - : ml. for a period of one minute, the rate of discharge of the 
ing. It has been used with yy feed machine can be accurately established. 
a success by the = It also serves as a very ready method for determining whether 
The crock iilustrated is H or not the machine is feeding at all. For instance, clogging of 
Sdieice eallen aem- an the feed line often occurs when using chemicals shipped in 
ware pot of substantial } = i burlap bags, due to small threads which pass into the crock 
construction. The  drain- aa when bags are emptied. 
cory be furnished as : ai The gauge glass is held in place by two copper or monel 
- equipment — ; re eoes straps, which secure it to the solution pot. 
surve\ S an @€asy Way oO ° ‘ : i : ' 
y= drawing off sludge which : It is advisable to attach a high speed mixer to the crock 
salt will in time accumulate H to assist the operator to quickly and easily prepare solutions. 
11 wit irom commercial chemi- ee wae, When hypochlorites or ferric salts are used the shaft and 
lectri tals. Six inches above the — propeller of the mixer should be coated with rubber or heavy 
phase center line of the drain- Rete Checking Solution Feed Arrongement bituminous enamel. 
Vith a cock is placed a_ three- : E . f th : . ligib! h ‘deri h 
ot ele: tighth inch three-way hard Rate Checking Solution Feed The cost of the equipment is negligible when considering the 
9 feet rubber cock and T. (See Arrangement operating facilities afforded. 
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DEMING PUMPS 


FOR WATER WORKS 
AND SEWERAGE 


(Following listings ap- 
pear in “Classified Index 
of Products” in this pub- 
lication). 

BOILER FEED PUMPS 
CELLAR DRAINERS 
CENTRIFUGAL PUMPS 
CONDENSATION PUMPS 
DEEP WELL PUMPS 


well turbine pumps are de- 
signed to deliver capacities 
ranging from 15 to 3,000 gallons 
per hour and are widely used 
for municipal water supply, 
drainage, irrigation, swimming 
pools, etc. 


The multi-stage vertical centri- 
fugal pump construction allows 
the pumping unit to be placed 
at any depth from the surface, 
preferably submerged at all 
times. 


Vertical hollow-shaft motors 
are standard construction al- 
though other types of heads 
can be supplied such as belted 
drive heads, gear increaser 
heads, steam turbine heads, 
flexible coupling, or combina- 
tion type heads. 


Features of Deming Deep Well 
Turbine Pumps include semi- 
open, adjustable type impellers 
held in place with split tapered 
compression sleeves; Goodrich 
cutless rubber bearings of the 
fluted type are used in each 
bowl, or stage, and at a maxi- 
mum interval of 10 feet in the 
column pipe. These bearings 
are thoroughly flooded and 
lubricated by the water being 
pumped. Stuffing box in the 
discharge head can be easily 
adjusted or repacked from 
ground level. 

For complete information on 
Deming Deep Well Turbine 
Pumps, write for BULLETIN 
4700-8. 
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DEMING PUMps 


FOR WATER Wo 
AND SEWERAGY 


(Following listings ap. 
pear in “Classified Index 
of Products” in this pub. { 
lication). 


ROTARY PUMPS 
SELF PRIMING PUMPS 
SEWAGE PUMPS 
SLUDGE PUMPS 
SUCTION AND F 
PUMPS — 


DIAPHRAGM PUMPS Thes 
DRAINAGE PUMPS SUMP PUMPS All ! 
PORTABLE PUMPS TURBINE PUMPS obtai 
Group of Factory Buildings of The Deming Company, Salem, Ohio. 0 

Deep Well Turbine P Centrifugal P | 

, Pp e urpime umps entr1 uga umps - 

aa aa al 

These water lubricated deep MOTOR MOUNT” CENTRIFUGAL PUMPS The 

Compact, dependable units inch 


Deming “MOTOR MOUNT § #2! 
Pumps combine high efficiency 
and simplicity at moderate cost. 
There are 63 units in the line. 
Capacities range from 5 to 650 
gallons per minute against 
heads from 10 to 85 feet. 
Features include semi-enclosed, 
three-vane impeller with non. 
overload characteristics; adjustable for capacity, head, 
clearance and wear. Motor is drip proof type with 
moisture resisting insulation. Deep groove, over-size 
ball bearings. Fan ventilation. 

Complete data in BULLETIN 4302. Write for copy 


SIDE SUCTION CENTRIFUGAL PUMPS 


Standardized in de- 
sign, Deming Side 
Suction Ball Bearing 
Centrifugal Pumps 
eliminate the need 
for expensive special- 
ly designed equip- 
ment for a_ wide 
scope of pumping re- 
quirements. 
There are 21 pumps in the line. Sizes range from | to 
10 inches. Capacities range from 10 to 3,600 gallons per 
minute against heads up to 260 feet. 
Deming Side Suction Centrifugal Pumps can be fur- 
nished for belt drive, electric motor, or gasoline engine 
drive. 

Complete data in BULLETIN 4200. Write for copy 


SELF-PRIMING CENTRIFUGAL PUMPS 


These electric motor- 
driven units are de 
signed for sump pump 
service with float 
switch control. Also 
used for cleansing 
swimming pools, core 
sucking service in ice 
plants, etc. Priming 
operations completely automatic. Semi-enclosed, nom 
clogging impeller. 

Pumps can be furnished direct connected through flex- 
ible couplings; or to electric motors; or gasoline ¢t 
gines; or with pulley for belt drive. 

Capacities range from 600 to 18,000 gallons per hour. 

Complete data in BULLETIN 3000. Write for copy 
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THE DEMING COMPANY 


ESTABLISHED 1880 


SALEM, OHIO, U. S. A. 





Centrifugal Pumps 


DOUBLE SUCTION CENTRIFUGAL PUMPS 


These pumps are designed with horizontally split casing. 


All features conform to latest engineering practice to 
obtain maximum efficiency for this type of unit. Recom- 


mended for working pressures up to 200 pounds. 
Heavy ball bearings at each end of shaft take all lateral 


and end thrust. 


Rotating elements are in perfect static 


and dynamic balance, assuring a vibrationless pump at 


all speeds. 


The line includes a wide range of sizes from 14 to 10 


inches with capacities up to 5,000 gallons per minute 
against heads up to 350 feet. 
Complete data in BULLETIN 5003. Write for copy 
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Sewage Pumps 


HORIZONTAL TYPE SEWAGE PUMP 


Deming non-clogging horizon- 
tal and vertical type sewage 
pumps are designed to handle 
safely and efficiently raw, un- 
screened sewage, storm water 
disposal, drainage, or other 
pumping requirements where 
liquids carrying along refuse, 
dirt, silt, rags, sticks, and 
stones must be handled with 
minimum danger from clogging, 
breakage, or undue wear. 


These pumps are used in Sew- 
age Disposal Plants, Paper 
Mills, Quarries, etc., and are 
suitable for many applications 
where standard Centrifugal 
Pumps are not designed for the 
indicated requirements. 


Deming Sewage Pumps are 
built in horizontal and vertical 
types for capacities from 60 to 
1,200 gallons per minute and 
for heads not to exceed 80 feet. 


As these pumps usually require 
individual engineering, a com- 
plete statement of conditions 
should accompany each inquiry. 





Sump Pumps 














SUMP PUMPS DUPLEX UNITS 
Deming Sump Pumps are designed in various types in a 
wide range of capacities from 10 to 3,200 gallons per 
minute with heads up to 120 feet and speeds from 860 to 
1,750 r.p.m. for motor drive. 


Construction of Deming Sump Pumps offers many im- 
portant features including: (1) Impeller adjustable for 
capacity, head and wear; (2) Impeller fitted to shaft 
with taper, key and nut; (3) Full weight column pipe 
with precision thread; (4) Double length bottom shaft 
bearing with large grease chamber. 


Deming Sump Pumps are furnished either in SINGLE 
or DUPLEX units of either wet or dry pit type. Can 
be installed in pits of every description wherever water 
collects and has to be emptied into sewer lines at a 
higher level or delivered above ground. 


Duplex units meet requirements where extra precau- 
tions must be taken to insure uninterrupted service. 


The complete line of Deming Sump Pumps is illustrated and 
described in detail in BULLETIN 4605. Write for copy 


Condensation Return Units 


Deming pump and re- 
ceiver units are de- 
signed to return, auto- 
matically, to boilers 
the hot water of con- 
densation from radia- 
tors, coils, and steam 
operated machinery. 


Condensate is auto- 
matically returned to 
the boiler by the 
pump, operation of 
which is controlled by 
an enclosed float 
switch. 





Units are equipped 

with horizontal recip- 

rocating pumps or side suction centrifugal pumps, de- 
pending upon capacity, pressure, and most efficient op- 
eration. 


Receiver tanks are of extra heavy welded boiler plate. 
Tanks furnished with water gauge glass and with pet- 
cock and check valve in top, as illustrated. 


Motors are furnished single phase, 2 or 3 phase, or di- 
rect current as specified. All units are equipped with 
motor protective device and are completely assembled 
and wired. 
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WATER HAMMER CORRECTIVES 


By RICHARD BENNETT, Hydraulic Engineer 


City Engineer’s Office, Phoenix, Arizona 


IPE LINES subjected to sudden shock or recurring vibration 

due to water hammer, become weakened and operate ineffi- 
ciently. This destructive nuisance may also pull pipe hangers 
loose or create damaging leaks. 

Destructive water hammer may actually be present in water 
lines even where its presence is not indicated by violent ham- 
mering and noisy vibration. For the most part this fact is not 
generally realized or recognized. 


Cause of Water Hammer 


If flow in a pipe is suddenly stopped, the energy built up by the 
flowing water produces a high pressure which may result in a 
terrific impact. This is caused by the non-compressible liquid 
(water) rebounding in the supply lines. This rebound impact 
is due to the sudden stopping of water flow every time a faucet 
or valve is closed. Power for operating hydraulic rams, which 
force water many times higher than the static head on the power 
water supply line, is thus generated by intermittent quick closures 
of valves attached to the ram. 

In order to have conception of this force in small pipe, when 
water hammer occurs the pressure is increased by about 60 pounds 
per square inch above the flow pressure for each foot per second 
of sudden decrease of velocity of flow. This means that if a flow 
velocity of 10 feet per second is stopped instantly, a maximum 
water hammer pressure rise of (10x60) 600 Ibs. per square inch 
may occur. This pressure is added to the normal static pressure 
at the point of impact. 

Destructive water hammer must be eliminated to avoid the 
nerve-racking noise from which the term is derived; to reduce 
stress in the pipes ; to safeguard plumbing fixtures; to avoid costly 
leaks and repairs; and to prevent operating delays. 


Correctives 


Relief from destructive water hammer may be accomplished by 
relief valves, but these can be used only in special cases. Relief 
can be obtained by air chambers, but the difficulty of keeping 
air in the chamber makes this method impractical under many 
conditions of operation. In many instances positive and permanent 
relief can be obtained by the installation of surge suppressors. 
These are sometimes given trade names such as shock absorber, 


", Laat Fi 
1 
TD 


wets 


Be 


water hammer arresters, etc. Just as the automobile shock 
sorber absorbs the bumps of the highway, so does a good nd 
suppressor cushion the terrific impact of water rebounding in the 
piping system. 

Unless a surge suppressor is installed, the water backs up w; 
terrific force and continues to bound and rebound in the sine ine 
every time the flow of water is suddenly checked. With 
surge suppressor this pounding and hammering is overcome 
absorbing and dispelling the shocks, and strain in the pipe j 
relieved. ws 

In selecting a surge suppressor it is desirable that it afford pr 
tection from water hammer under a!! conditions of service: that 
it be easy to install; require no periodic adjustments ; require little 
or no maintenance; that it operate in any position; that it be un. 
affected by hot water; and that it be reasonably priced. 

Under some conditions it is possible to determine in advance 
the behavior of the surge suppressor, and a method for calculating 
the degree of relief from water hammer pressure for a given 
piping layout is obtained by the relation between useful volun 
of air in the surge suppressor for the various rates of discharge 
through the pipe line. 

Theoretical considerations are generally to assume the discharge 
suddenly stopped by valve closure. This seldom occurs in act 
practice. The size of the surge suppressor to be selected for each 
installation should be adequate to reduce the maximum water 
hammer pressure that can be caused by quick closure of any on 
valve or faucet. 

In Fig. 1 is illustrated the action of water hammer as recorded 
on a time-pressure diagram showing the incessant impact shocks 
and pressure fluctuations. The system is free of this shock effec 
(even though hammering may not be heard) only during thos 
hours when no water is being drawn. 

When an efficient surge suppressor is installed the time-pressure 
chart recording should look something like the chart shown in 
Fig. 2. A proper suppressor will quiet the water hammer by 
dissipating impact shocks and overcoming the pressure fluctuations 


Surge Suppression Devices 


Perhaps you have come to the conclusion of “Why not eliminate 
the source of the water hammer?” Quick closing valves are the 
cause of most of this trouble, but modern equipment of the present 











A Story Told by Two Record Charts 


Fig. 1—Reveals the incessant impact shocks and fluctuating 
pressures when water hammer is present. 
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Fig. 2—After the installation of a good surge suppressor the 
record chart should look something like this. 
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Fig. 3—The Clayton Valve— 
Closed Position 

Is @ quick closing valve de- 

signed to preclude hammer by 

uniform and governed rate of 


¥ 
Fig. 4—The Clayton Valve—- 
Open Position. 
Always wide open or fully 
closed, functions well in rapid 









day increasingly requires quick closing valves and water customers 
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insist on quick closing faucets and fixtures, therefore water ham- 
mer troubles may be expected to increase, rather than decrease, 
in the future in most water works. 

Valve manufacturers, as a group, have done very little to pro- 
duce equipment to meet this situation, however, the Clayton valve 
has been designed for this purpose. It can be adapted to almost 
any type of flow control problem. Figs. 3 and 4 show this valve 
in the closed and open position. The arrows show that the valve 
is kept closed by water pressure on the back of the diaphragm. 
This valve can be furnished with an adjustable needle control for 
regulating the closing speed to meet any giver. condition. The 
illustrations show float control for rapid tank filling and smart 
shut off, but the manufacturer states that it can be adapted to 
remote, automatic, manual, elecric, or any type of control desired. 
Fig. 4 shows that when pressure behind the disc is removed the 
line pressure forces the diaphragm assembly away from the seat. 
This valve is always wide open or fully closed, and closes at a 
governed uniform rate to eliminate line shock when the shut-off 
occurs. 


Relief Valves 


Relief valves are sometimes used to eliminate water hammer 
but they can be used only in special cases, due largely to the spill 
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Fig. 6—“Wacor”’ Water Hammer 
Arrester 


Position of bellows compression unit at 
time of normal pressure. 
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Centrifugal Pump Operation. 


Fig. 5—Air Chamber Assembly and Design Data for Surge Suppression in 


Position of bellows compression unit when 
absorbing hammer shock. 


Courtesy Rensselaer Valve Co 
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Fig. 9—A Josam Shock Absorber 
(Installed at typical location point on the end of a long stra) ht 
run of pipe.) . 










Air Chambers 


Relief from destructive water hammer may be accomplished by 















Fig. 8—The Josam Shock Absorber air chambers, but the difficulty of keeping air in the chamber 

Phantom view showing four coil springs in dry side of diaphragm makes the air chamber impractical, unless given close attention, 
chamber, which absorbs and dissipates the shock. or air recharging can be automatically done with compressors 

Fig. 5 illustrates an air chamber assembly. When the pump is 





; running the chamber of compressible air floats on the line ah. 
high surge pressure. However, many have secured satisfactory sorbing or cushioning surges. When a pump shuts down Pressure 
results from these devices at pumping stations and hydro-electric at the discharge drops instantaneously and then the back surge 
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13—The Smolensky 
og Check ; 
A wholly mechanical 
valve 





Fig. 14—Interior of the 
Smolensky Check 
Spring force enables this valve to 
close slightly in advance of cessa- 


Check 


flow away from the 


stopped pump. 


fon of 


head, is prevented from slamming the check valve on the pump 
discharge line to its seat by the functioning of check valve (A). 
The return wave of the surge, however, can pass through the 
check valve (A) into the air chambers where it is markedly 
cushioned and gradually absorbed during gradually diminishing 
surges. 


For most all cases of water hammer, of the type caused by 
quick closing v valves on all but the largest lines, a surge suppressor 
which may be attached to the pipes and operate automatically 
without maintenance is to be preferred. Of this type the “Wacor,” 
shown in Figs. 6 and 7 is very reliable. This suppressor has been 
thoroughly engineered for small piping systems, the manufacturer 
having financed an extended research program in the hydraulic 
aboratories of the University of Wisconsin, where all possibilities 
f this equipment were rather thoroughly explored. 


“Wacor” Water Hammer Arrester is manufactured in a number 
of sizes for pipe lines up to 10-inch in diameter. It is a com- 
bination mechanical-pneumatic type of absorber constructed with 
a closed metal bellows or compression compartment. The latter 
is filled with a special compressible emulsion so that air can 











neither escape nor be absorbed by the water. It is particularly 
adapted to all ordinary house services where water hammer exists 
where high pressures engendered by rapid valve closure are 
lamaging piping and fixtues. 


When this suppressor is put un the line the sealed (compression 
hamber or bellows (containing the emulsion) is slightly com- 
pressed as the water pressure is turned on the system. This is 
shown in Fig. 6, with the bellows at resting position. If now a 
valve or faucet is opened and water flows through the pipe, the 
bellows expands somewhat due to the reduction of the pressure at 
ts base. As the valve or faucet is closed the velocity of the 
water in the pipe line is reduted, resulting in an increase of 
pressure. This compresses the bellows, resulting in an increase of 
pressure on the emulsion sealed within the bellows. The pressure 
inside and outside of the bellows thus becomes equalized. Work 
lone in compressing the fluid emulsion within the bellows is re- 
ponsible for the absorption or damping of the hammer pressure 
in the pipe line to which the arrester is connected. This is shown 
in Fig. 7, and illustrates the position of the bellows, when absorb- 
ing the hammer shock. 


This type obviates the need for the attention which air chambers 
require. They are used with quick action valves and high veloci- 
tes of flow, and can be used where water hammer pressure 








Fig. 16—Chapman’s “Non-Slam” 


Features the streamlined tilting disc, clos- 
ing gradually to completion at instant of 
flow cessation away from pump. 
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originates in the municipal distribution system 


and affects the consumers’ service line or 
plumbing installation. 

Another surge suppressor for small piping 
systems is the Josam Shock Absorber, which 


is shown in Fig. 8. It operates on the diaphragm 
principle and is very efficient when properly 
sized to the individual problem. This sup- 
pressor absorbs shock by compression of four 
coil springs very much after the manner of the 
coil springs known as Knees in modern auto- 


mobiles. The diaphragm moves out against 
these springs located on the dry side of the 
unit. 


Location of Suppressors 


Practice varies widely as to the proper in- 
stallation point for surge suppressors; some 
will place a suppressor at the end of all long 
runs of pipe; others install at the end of a 
battery of fixtures, but it seems agreed that 
it should be placed as near to the valve causing 
the water hammer as ts permissible. 


It is desirable to place the suppressor so 
that the opening is at the bottom if possible 
This will avoid hazards from sediment beinx 
washed into the casing. Wherever a greater 
capacity is required to reduce water hammer 
pressure than can be furnished by a single 
suppressor, any number can be placed in the 
pipe line, either in scattered positions or to- 
gether at one fitting. 

Figs. 9 and 10 show typical installation 
points for suppressors of this general type. 


Water Hammer with Centrifugal Pumps 


The use of centrifugal pumps presents a major problem in the 
control of surge water and minimizing of water hammer. When 
the power is shut off the water in the discharge line reverses its 
direction of flow and if not controlled will cause reversal of 
pump and motor. 

The installation of the flap type check valve with centrifugal 
pumps increases the effect of surge waves and water hammer, if 
not actually being responsible for such. Ordinary check swing 
valves, due to slamming, cause abnormal disturbances in the pipe 
lines. Slam leads to serious trouble because of the resulting vi- 
bration of pipe lines and adjacent structures, opening up the pipe 





Fig. 15—The Rensselaer Clearway Quiet Closing Check Valve 
Features low-friction clear-way and quiet spring loaded closing 
of the flap ahead of cessation of flow away from the stopped pump. 


V.& S. W. 
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Fig. 17—Exterior of this automatic needle-type check. 

















Fig. 19—The Pelton Surge Suppressor 
A high grade relief valve for use in con- 
junction with automatic check valves. 
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Pelton’s Larner-Johnson Check Valve 


joints. The resultant water hammer fre- 
quently ruptures the pipe line. The com- 
mon swing check valve is fundamentally 
wrong in its design to be of use for such 
service. 

Check valves may be grouped into two 
general classes: (a) slow closing and 
(b) quick closing. 

Most slow closing valves are, however, 
impractical, even though theoretically 
correct. The action of this type of valve 
with respect to water hammer may be 
shown by the illustration in Fig. 11. In 
practice there may be little or no audible 
water hammer with this type, but as in- 
dicated, there is a serious pressure rise 
due to the surge which may be disastrous 
to the pipe lines and fittings. 

A check valve should generally be of 
a type that closes before the pressure 
reverses from the immediate low to the 
quickly ensuing high. Many have found 
that this is the only type that will give 
proper service. The quick closing check 
valve provides for eliminating surge 
shock at the valve seat, and quickly re- 
turns the surge wave to static pressure 
before any appreciable surge oscillation 
can be set up in the discharge line. All 
discharge lines, especially of the larger 
diameters, are at least to some degree 
elastic and will permit so-called harmonic 
surges to develop. When the discharge 
column of water is halted before a re- 
versal of flow takes place, these surges 
will not cause a dangerous pressure rise. 
The action of the rapidly closing type of 


check valve, with respect to ensuing 
water hammer, may be illustrated as 
shown in Fig. 12. These two pressure 


recordings (Figs. 11 and 12) show that 
the pressure rise has been reduced from 
about 50 per cent excess head to about 10 
per cent over the static pressure through 
the effective timing of closure of the 
automatic check. 


The Smolensky Check 


One type of check valve used for this 
purpose is the Smolensky check valve, 
which is illustrated in Figs. 13 and 14. 
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Fig. 18—Sketch revealing design and functioning of the valve. 
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Fig. 20—The Pelton Surge Suppressor 


Sketch revealing working parts and funt- 


tioning of this surge dissipating umit. 
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nis valve is designed to close just a little in ad- 
: of minimum pressure at the pump, so as to 
- absolute freedom of danger of reversal of 
_ and motor. It also prevents mechanical 
on at the check valve for the spring action is 
vsanterbalanced by the back pressure against the 
: inishing pump discharge. The mechanism of 
iis valve is shown in Fig. 14. 
“The seat position of the Smolensky valve is 
lendent entirely upon the velocity of the flow 
nf the action may be understood by reference to 
he homely analogy of a laborer following a 





UKCSS SURGE RELIEVED 





to =6SBECONDS 20 Bo ao xs 60 





aded truck up a steep incline. By chocking the 
wheels at the slightest tendency to stop, a small 
sone is sufficient to hold the load from reversing. 


much the more difficult. 
Rensselaer's Quiet Closing Check 


Fig. 15 shows the Rensse:aer quiet-ck sing check valve. When 
the pump is started the swing check is opened and held out of 
the fow by the water velocity. On pump shut down the closing 
ring caries the check valve disc to its seat at the instant the 
vater column in the discharge line comes to rest, thus assuring 
quiet and positive closure and some reduction in pipe line surges. 








lts use provides the all important time- 






Chapman's Tilting Disc 

Fig. 16 illustrates the exterior and interior of the Chapman 
son-slam tilting-disc check valve. This type of check closes with 
; minimum of slam. Friction losses are also very substantially 
reduced in the design. The disc is pivoted just above its center, 
which results in a cushioning effect resulting while closing. This 
¢ due to the fact that the portion of the disc above the pivot 
sattially balances the portion below. The seat and disc rings are 
beveled and the disc drops into the seat in the body with a closing 
ution which gives a further cushioning effect. This valve in 
dosing reaches its seat at exactly zero velocity in the line. The 
angle of the seat is so inclined that the distance the disc must 
travel from its wide open position to its seat is reduced to the 
minimum consistent with good design. 


Larner-Johnson Check 


Fig. 17 shows the exterior of the Pelton-Larner-Johnson check 
valve, and Fig. 18 shows how it functions. 

This check is normally automatic in operation but may be ar- 
ranged for manual control. With the control equipment which 
is built into this type of check valve the time of closing may be 
regulated to best suit local conditions. It is designed for in- 
stallation on the discharge side of a centrifugal pump, its best 
function being to close at the instant of power failure and to 
prevent both reversal of the pump and motor and wastage of 
pumped water. 


Pelton Surge Relief Valve 


In many cases of operating centrifugal pumps, surge and water 
hammer cannot be eliminated by the mere installation of a check 


Fig. 21—A Real Performance Record 


low the truck to fall back a few feet and the Showing the result of combination of automatic check and Pelton Surge Suppres- 
hed will be in danger, since its stopping is Sor on a heavy duty job under 490 Ibs. static head. This race was won in approxi- 


mately 50 seconds flat. 


valve alone regardless of type. In such cases it is also necessary 
to install additional equipment such as an air tank, relief valve 
or such. For difficult situations one of the best known pieces of 
equipment for this purpose is the Pelton Surge Suppressor, 
shown in Figs. 19 and 20. This surge suppressor is essentially 
a high grade relief valve, designed for use with a check to 
relieve surge pressure in a pump discharge line incident to pump 
shutdown. It may be operated either by water pressure, solenoid 
or mechanical interconnection with the check valve. To permit 
a sufficiently rapid closure of the check and thereby prevent dan- 
gerous reversal of the pump after the power shut-off, the surge 
suppressor is essential to relieve the resulting pressure surges. 
rhe surge suppressor opens with the drop in pressure following 
shutdowns, remaining open to relieve the surge which follows. 
It then automatically closes at an adjustable rate. 

The action of the Larner-Johnson Check Valve and the Pelton 
Surge Suppressor in combination are shown in the results ob- 
tained on the accompanying time-pressure diagram (Fig. 21) of 
the Boulder Dam water supply to Boulder City. Operating under 
a static pressure of about 490 pounds, the time-pressure diagram 
(Fig. 21) shows that it took about 50 seconds only for the 
pressure head to become normal static head after pump shut- 
down, during which interval the rise in pressure was not more 
than 10 pounds above static. 


Studying and Recording Surge Conditions 


In actual operating practice it is seldom that any two cases of 
surge or water hammer are identically alike. The simpler cases 
of surge in building pipe systems may usually be overcome with 
the low cost type of surge suppressors previously shown. With 
the more complicated cases, especially those affecting water dis- 
tribution systems, the conditions become very involved and it is 
usually necessary to make a complete survey of the actual facts 
pertaining to each individual case before it can be properly han- 
died. It is necessary to determine the amount and intensity of 
water hammer and thereafter take new records in order to deter- 
mine the results obtained from equipment installed, or other 

corrective measures applied. 





Fig. 22—Bachrach’s Chronomatic Drum 














For this purpose it is essentiaf to em- 
ploy equipment for recording pressure- 
time diagrams of the disturbance. Fig. 
22 shows Bachrach’s Chronomatic Drum, 
which gives a pressure-time diagram, 
revealing clearly the pressure pulsations 
in the pipe line during a certain time 
interval. Fig. 23 shows this equipment 
in carrying case for ready portability. 
This is a time-pressure indicator orig- 
inally designed for testing high-speed 
diesel engines. It has unrestricted speed 
selectivity and instantaneous speed indi- 
cation. The operation is simple and re- 
quires no skill or special training. The 
time-pressure diagram for the Boulder 
City line was taken with this equipment. 

Few engineers have had wide contact 
with problems calling for relief from 
water hammer in pipe lines or piping 
systems. The present literature on the 
subject is neither broad nor inclusive, 
a being largely devoted to the extreme 
technical and theoretical phases of the 





Fig. 23—Bachrach’s Portable Recorder subject. On this account it has been my 


pressure chart in studying water hammer ¢ int it 
and attainments resulting from corrective Is compact and useful in surge study on purpose to confine this discussion to a 
measures and functioning of equipment. pipe lines and distribution systems. few practical considerations. 
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The slamming of check valves when pumps are stopped con- 
stitute a source of annoyance and often of expense to water works 
or sewage works, and allied institutions. Many check valves have 
an annoying habit of slamming when it is least expected, while 
others placed on long lines may close quietly. Too sudden closing 
may easily cause a rupture in a pipe line, a feature which may 
be eliminated by inclusion of a large air chamber which will 
eliminate sudden pressure on the pipe but may cause such an 
abrupt closing of the valve as to crack the flap. 


Check valve slam produced by a surge in the water column 
causes water hammer, with its consequent damage. When a 
pump suddenly stops, the water tends to continue in motion due 
to its momentum, and the gage pressure drops to zero. The force 
tending to stop the motion of the water is proportional to the 
static head on the pump and such force produces a negative 
acceleration in the water column according to the formula: 


F=Ma 
where: F = Force producing acceleration; M = Mass of water; 
a = Acceleration. 
Letting: A = Area of pipe, square feet; L = Length of pipe in 


feet; g— Acceleration due to gravity (32.2); w= Weight of a 
cubic foot of water (62.4 lbs.) ; h= Static head on the pump; 
Hf=Friction head; H=Total head; t= Time in seconds; 
v= Velocity in pipe: 

One may: compute the force producing acceleration as being 


F=>hAw 
And, the mass of water is found to be 
ALw 
M =. 


Then: 








a——g (See Figue 1) 


If v is the velocity in the pipe before the pump stops, the 
time (in seconds) required to bring the water to a stop will be 

Vv 

SE an 

a 
If the flap can come to its seat in (t) seconds or less, it is 
obvious that the water cannot move backwards and as the 
flap is moving against the stream it will be cushioned. On the 
other hand if the flap does not have time to become seated 
within (t) seconds, the water will start backwards and the 

valve will close with a slam. 


Rapid vs. Slow Closing Checks 


It is obvious that what is desired is a valve that will close 
rapidly. One way to accomplish this is to have the valve seat 
inclined to shorten the distance the flap must move, and another 
is to use a valve with an extended hinge pin and arm so that 
the flap can be weighted. This weight prevents the flap from 
opening fully, causing a small increase in pressure, but accel- 
erates its return movement when the pump stops. On one test 
in which a four-inch pump was forcing water into a pneumatic 
tank under 65 pounds pressure, the slam was eliminated by 
hanging enough weight on the check hinge pin arm to increase 
the pumping pressure less than one-half pound. This repre- 
sented one of the most difficult situations for slam elimination 
because the pump line was short and there was little mass to 


the flowing water; thus in one controlling formula a=—, (a) 
v 

was relatively large; and in the other formula t=—, (t) was 
a 


relatively small. 


Where it is not practicable to close the check valve in less 
than time (t), the use of a slow closing valve should be con- 





*Chief Draftsman, Los Angeles County Sanitation Districts. 
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THE ELIMINATION OF CHECK VALVE SLAM 


By H. K. 
Los Angeles, Cal. 
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Arrangements of Air Chamber Installation to Eliminate Check 
Valve Slam and Water Hammer 


sidered, but such valves are expensive and must be so designed 
that the final closure is made very slowly. An air chamber 
will provide a cushion in case the valve does not close before 
the flowing water comes to rest and will protect the pipe 
against excessive pressure. Immediately after the pump stops 
the value of the shock absorbing compressed air in such cham- 
ber is its cushioning effect, which tends to maintain the gage 
pressure on the line instead of allowing it to drop to zero. It 
will thus delay the stopping of the water in the main pipe but 
the pressure being maintained close to the pump, where the air 
chamber will normally be placed, produces excessive accelera 
tion in the short length of pipe between the chamber and pump 
and although the valve will slam violently, the pressure on this 
section of the pipe will not be excessive. After the valve has 
slammed the water in the main pipe will slowly come to rest, 
and then back into the air chamber, the gage showing an oscil- 
lation about the static elevation, as a center, with maximum and 
minimum at approximately (h-+ Hy) and (h—Hf). 

The air cushion in Fig. 1 has purposely been drawn much 
larger than is recommended in order to illustrate the conditions. 
If, instead, it consists of a piece of pipe of the same diameter 
as the discharge pipe and about two or three diameters ™ 
height it will not supply enough water to permit any to flow 
backward through the check valve, thus avoiding a slam and at 
the same time preventing excessive pipe pressure. A surge will 
be set up with a maximum pressure of (H = 2h) and minimum 
(H=0). 
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A Successful Arrangement 


\n air chamber arrangement which has been found to work 
ry successfully is shown in Fig. 2. “A” is the main line 
valve into the air chamber which 


“B a check 


as large as “A” and set to allow water to 





mber. “C” 1s a 


al gate valve or a plug cock smalle1 
‘ian “B.” “C” must be opened closed by trial until it limits 
» fow of water from the air chamber enough to prevent 
ming of valve “A,” and thereafter left in that position. 

‘timid supply to the pipe damps out the surge, yet check 


tull stream to the air 
on the return flow. 
valve, an air chamber 


“B” is large enough to admit a 
hambe and thus prevent e xcess pressure 
a I S 
r, correct slam in an existing check 


R-113 





of the valve (Fig. 3). Care 
must be taken to so adjust the size of such a chamber that suf- 
ficient water is returned to close the flap -by the time the water 
comes to rest but not suffcient to produce a slam. 


built into the cover plate 


can be 


This investigatiin was made about tive vears ago by the 
writer for the Angeles County Sanitation Districts and the 
data obtained applied to the correction of a number of trouble- 
some conditions where valve slam was a problem. 


Los 


The writer is indebted to E. A. Rutledge of the Rensselaer 
Valve Company for testing the formulae on many successful 
water works installations. A. K. Warren is Chief Engineer and 
General Manager of the Sanitation Districts and A. M. Rawn 
is Assistant Chief Engineer. 





CHECKING WATER HAMMER* 


When the water flowing through a pipe is stopped very sud- 
enly there is rise in pressure in the pipe line that may at times 
mount, roughly, to 50 times the velocity in feet per second at 
ich the water is moving at the instant. 

The best cure for water hammer is a slow-closing valve. 
The next best cure is to provide an air chamber located as close 
s possible to the valve. If kept fully charged, an air chamber 
is considered to be of sufficient when its capacity is one 
per cent of the pipe line it serve to cushion. Means of renew- 
ng the air cushion must be provided for. 





size 


Required Volume of Air Chamber 


The size, that is, the volume, of an air chamber depends upon 
number of factors of which the principal ones are: 





length and size of pipe that the air chamber 
The rate of flow of water through this pipe. 

The pressure in the air chamber immediately preceding t 
stopping of the flow, and the pressure due to the stopping of 
the flow, and, 


serves. 


he 


The nature of the action that puts the air chamber into serv- 
ce—whether it be instantaneous, or rapid, or prolonged. 
treatment is based upon the first three factors 
With reference to the fourth factor—it is the more or less in 

tantancous stop ping of the flow that makes necessary the use 

an air chamber. Hence, we are virtually assuming the con- 
jition of rapid closing. By this method a volume of air 
chamber is determined such that the energy of the moving 
water is absorbed between prescribed limits of pressure in the 
air chamber. 


The following 


have the expression, 

Lx Px R*, in which 

V is the internal volume of the air chamber in cubic inches, 
L is the value from Table 59 for the size and length of pipe 


Ve 


that the air chamber serves, 
P is the value from Table 60 for flowing pressure and 
the assumed maximum pressure, both in the air chamber, and 


pipe in gal- 
flow. 


R’ is the square of the rate of flow through the 
ons per minute immediately before the stopping of 
_ Note—The flowing pressure can be determined approximately 

y deducting from the static pressure at the air chamber the 
loss of pressure in the run of piping (for which the size of an 
air chamber is being found) under the assumed rate of flow. 
Determine the size of an air chamber for a 34-inch branch, 
20 feet long, carrying 10 gallons per minute, based on pressures 
of 20 pounds per square inch flowing, and 60 pounds per square 
inch maximum. 


| 


Substituting, 





V = 0.042 x 1.6 x 10° = 6.7 cubic inches. 
*From “Water Supply in Buildings,” by Alex. W. Moseley, 
Mass. Inst. of Technology, 1935. 


‘dumpy.” If made of 34-inch pipe, length would be 6.7/0.53, 


Having determined the volume of the air chamber, it becomes 
necessary to fix the proportions—whether to make it of rela- 














tively small diameter and correspondingly long, or short and 
or 126 inches. Sectional area of 34-inch pipe is 0.53 square 
inch from Table 61. 
TABLE 59 
Values of L 
Le neth of Size of P ipe, Iron Pipe Size 
Run, Feet % 34 1 1% 1% 2% 3 4 
, eee 037 021 .013 .0074 .0055 .0033 .0023 .0015 .0009 
ae .074 .042 .026 .015 011 -0066 .0045 .0030 .0017 
111 =.063) = .089 Ss .022)—s—s«016——(«i«w010'—s«=#.0068 = .0045 = .0026 
Ge sats .148 .084 .052 .030 .022 -013 .0091 .0060 .0035 
ee .185 .105 .065 .037 027 .017 011 .0075 .0044 
eee .222 .126 .078 .044 .033 .020 .014 0090 .0052 
80... .296 .168 .104 .059 .044 .026 .018 .012 .0070 
eee .310 .210 .130 .074 .055 03% .023 015 -0087 
a .462 .262 .162 .093 .068 .041 .028 .019 .011 
.555 .315 .195 aan .082 050 .034 .023 .013 
oo SORE .740 .420 .260 .148 -109 .066 .045 .030 .017 
eectne .924 .524 .324 .185 .136 .082 .057 -037 .023 
Note that for each size of pipe value of L is proportional to 


length of run. 


TABLE 60 
Values of P 


Maximum 
Pressure, 
Lb. Flowing Pressure, Lb. Sq. In. 











Sq.In. 15 20 25 30 35 40 50 60 80 100 
20. 12. 
25. 12. 56. 
30 6.0 16. 72. 
S., 23 7.8 20. 90. 
40.. 2.6 4.8 9.8 25. 110. 
50.. 1.6 2.5 4.2 7.3 14. 36 
a 1.1 1.6 2.5 3.8 6.0 10. 49. 
80.. 0.67 0.92 1.3 1.7 2 3.3 6.9 18 
100.. 0.48 0.63 0.82 1.1 1.4 1.8 3.0 5.4 27. 
120.. 0.37 0.47 0.60 0.75 0.93 1.2 8 2.8 8.0 39 


TABLE 61 
Sectional Area of Pipe 


Area of Internal Cross- 





Size of Pp ipe 





Iron Pipe Size Se ction of Pipe Sa. In 

Me cans kéeintbackieeb we ame cab abaaeeaees Reaeeld 0.30 

ME. cia pare drains ae eo ERA g ae RN 0.53 

D.. £6-06s 05's 006600640000 6S nes ECEdhO eee KORTE RES 0.86 

OE a, oe asticgsa ae a ee Ae acR eb A Ae anlar 1.50 

| RRA eer ter ren ere epee Sepa 2.04 
SN ek ee EA ee Oe Pe ee en 3.36 
eee Or ee EE 4.7 

DS op cbedneon tebe keasceehnndseue bakenteseeebaanaes 7.3 

DD Jc cca p eden ec weed ededdben Soe we eee 12.7 


(The above article should be useful in meter shop practice 
and otherwise, where quick closing valves must be employed. — 
Ed.) 
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COMPUTING HORSEPOWER FROM REVOLVING 


WATT-HOUR METERS 


A simple method of accurately measuring power consumption 
is of general interest to the owner, or operator of any elec- 
trically driven pump. A periodical record of the power con- 
sumption, capacity of the pump, and the measurement of the 
pumping level assists in maintaining operation at maximum 
efficiency and gives an indication as to the proper time for 
reconditioning or modernizing the installation. 

The power consumption is measured by the Watt-Hour 
Meter, usually located on the switchboard in the pump house 
adjacent to the motor. Large units require current and/or 
potential transformers, so that the watt-hour meter reading 
must be multiplied by the ratio of these transformers to obtain 
the correct measurement of power consumption of the motor. 

A motor which draws 200 amp. at 440 volts may be metered 
through current transformers rate 200 amp. primary and 5 amp. 
secondary, so that 5 amp. would pass through the watt-hour 
meter. No potential transformers being used, the watt-hour 
meter reading, multiplied by the ratio of 200 to 5, would give 
the amount of power in the main circuit. 

Asssuming that a motor draws 600 amp. at 2300 volts, poten- 
tial as well as current transformers are required. If the ratio 
is 60 to 5 amp. on the current, and 2300 to 115 on the potential 
transformers, the watt-hour meter reading multiplied by the 
ratio of 60 to 5 and in addition, by the ratio of 2300 to 115, 
will give a true measure of the power consumption in the main 
circuit. The correct ratio is usually stamped on a brass name- 
plate attached to the transformer. 

Disk constants and multipliers for practically all modern 
watt-hour meters now in use for single and three phase, 110-220- 
440 volts are shown in the chart below. 


Use of Chart 


First determine the make, type, volts and amp. of the meter. 


Chart of Constants and Multipliers 


If no current or potential transformers are used, refer to the 
chart and determine M value for the meter. The M x rpm, 
of disk = hp. input to motor for example, a meter, GE. | 
D-3, 220 volt, 15 amp., K = 4.0, M = .3217, number of ‘tev. 
lutions of disk in one minute = 20. Then .3217 X 20 = 644 
h.p. input to motor. 

As another example consider an installation where Current 
transformers having a ratio of 20 to 1 are used. Meter, West. 
inghouse type OA, 220 volt, 5 amp., K = 1%, M = .1027, num. 
ber of revolutions of disk in one minute = 21. Then, .1072 x 
21 X 20 = 45.02 h.p. input to motor. 


Disk constants K are included in the accompanying char; 
because occasionally the manufacturer’s nameplate has been 
removed, in which event the constant K is marked on the meter 
To determine the M value in such cases, find a K in the tab} 
corresponding to that on the meter in question. The M apply. 
ing will be the one adjacent to and on the right of this K 


Definitions : 

K—A constant which represents the number of wat. 
hours passed through the meter while the disk makes 
one revolution. 

M—A factor which, when multiplied by the number of 
revolutions of the disk, in one minute, gives hp 
input to motor. 

Mathematically, M = K X 60 


746 


The h.p. values expressed above relate to input to motor, 
The rating of motors is in terms of h.p. output. Therefore 
the h.p. output or brake h.p. is determined by multiplying the 
h.p. input by the motor efficiency, which can be obtained from 
the motor manufacturer. 





For Use in Determining KW Input, HP Input or BHP from Revolutions of Watthour Meter Disks 
110 Volt—Single Phase 























— —_—_§ —_——-GENERAL ELECTRIC——— SANGAMO WESTINGHOUSE 

Amp l 1-10 1-14 1-16 H B, C, OA, OB 
; —K MoM «K M_ K M K M K M x = 

5 ul 0241 25 .0201 a .0241 6 .0483 5/24 .0168 4 0268 
See 6 .0483 os .0402 6 .0483 jh .0965 5/12 .0335 % 0536 
| ae. 1.0 0804 75 .0603 9 0724 1.8 1448 5/8 .0503 1 0804 
 . ene 1.5 1206 1.25 1005 1.5 1206 3.0 2413 25/24 .0838 14% #41340 
50 3.0 2413 2.5 2011 3.0 2413 6.0 4826 21/12 .1676 3% 2681 
220 Volt—Single Phase 

$$ —_—_—_———— GENERAL ELeEctr1Ic—————-————————_ SANGAMO WESTINGHOUSE 

Amp l 1-10 1-14 1-16 H B, C, OA, OB 
: K M K M K M K M K M K M 
GR acaawees 6 0483 5 .0402 6 .0483 1.2 0965 5/12 0335 % 0536 
Ee 1.25 .1005 1.0 0804 1.2 .0965 2.4 .1930 5/6 .0670 1% ~~ ««1072 
ae 1609 1.5 1206 1.8 1448 3.6 2895 11/4 1005 2 1609 
25 3.0 2413 2.5 2011 3.0 2413 6.0 4826 21/12 1676 34% 2681 
Se 6.0 4826 5.0 4021 6.0 4826 12.0 .9651 41/6 3351 63% ~_—«5362 





110 Volt—Three Phase 

















— ~—_—GENERAL ELECTRIC SANGAMO WESTINGHOUSE 
Amp. D-3 D-6 & D-7 D-14 H C, OA, OB, RO. 
K M K M K M K M K M 

Oe ot et tite is hal 6 0483 6 0483 1.2 0965 5/12 0335 2/3 0536 
«Per eERte 1.25 1005 1.2 0965 2.4 .1930 5/6 .0670 11/3 1072 
15 RE: 2.0 1609 1.8 .1448 3.6 .2895 11/4 .1005 2 1609 
Capers > ........ 3:0 2413 3.0 2413 6.0 4826 21/12 1676 31/3 2681 
Gee 6.0 4826 6.0 4826 12.0 9651 41/6 3351 6 2/3 5362 
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GHOUSE 
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0268 
0536 
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2681 
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A, OB 






220 Volt—Three Phase 
























GENERAL ELECTRIC SANGAMO WESTINGHOUSE 

Amp D-3 D-6 & D-7 D-14 H C, OA, OB, RO. 
_ K M K M K M K M K M 

F 1.25 1005 1.2 .0965 2.4 1930 5/6 .0670 11/3 1072 

d. i 2.5 2011 2.4 .1930 4.8 3861 12/3 1340 22/3 2145 

4 weil 4.0 3217 3.6 2895 7.2 5791 21/2 2011 4 3217 

5. Eg 6.0 4826 6.0 4826 12.0 9651 41/6 3351 62/3 5362 
9... 12.5 1.005 12.0 9651 24.0 1.930 81/3 6702 13 1/3 1.072 





440 Volt—Three Phase 













































=: GENERAL ELECTRIC SANGAMO WESTINGHOUSE 
Amp. D-3 D-6 & D-7 ‘ D-14 H C, OA, OB, RO. 
— K M K M K M K M K M 
2.5 2011 2.4 .1930 48 3861 12/3 1340 22/3 2145 
axusicenin 5.0 4021 4.8 3861 9.6 7721 31/3 2681 51/3 4289 
Te enegieseneanke 7.5 .6032 7.2 5791 14.4 1.158 5 4021 8 6434 
OR 1.005 12.0 .9651 24.0 1.930 81/3 6702 13 1/3 1.072 
Dh pacscneseseccens 25.0 2.011 24.0 1.930 48.0 3.861 16 2/3 1.340 26 2/3 2.145 
bp. Input = “M” X Revolutions per minute of Disk Important—Where instrument transformers are used, be sure that figure 
tp Input = “K” X Number of Revolutions x 3600. computed from revolutions of disk and table be multiplied by ratio of 
instrument transformers. 
Sec. x 746 (From Byron-Jackson Bulletin, “Deep-Well Turbine Pumps.”) 












DEVICE FOR FEEDING LIME SOLUTION INTO MAINS 


By E. T. CRANCH 
Manager, New Rochelle Water Co. 
New Rochelle, N. Y. 









HE New Rochelle Water Company purchases its water from Method of Installation 
the Croton System of New York City. This is an im- : ; 
sounded supply with a normal pH ranging from 6.8 to 7.2. The device has a tube which slides through a gland and cor- 
In order to absorb the free CO, and thus reduce the corrosive poration cock and projects into the main. It can easily be with- 
character of the water The New Rochelle Water Company treats drawn under pressure, or suction, cleaned and returned. 
all the water it takes from the Croton Aqueduct with lime to In order to insert this unit it was necessary to remove the old 
maintain a pH of 8.6. The water is lifted from the Croton 11% inch corporation-cock, drill out the old hole in the 30-inch 
\queduce by means of pumps located about 15 feet above the cast iron suction line to fit a 2-inch corporation-cock and insert 
water level in the aqueduct. A saturated solution of lime water the new 2-inch cock. All this was done with a regular Mueller 
scontinuously fed into the suction line. It was found that lime tapping-machine, with the loss of very little suction. 
would build up in the feed piping. By closing the corporation After the tapping machine was carefully centered over the ex- 
cock all the piping could be easily cleaned except the corporation — isting 114-inch corporation-cock the pumps were shut down and 
cock itself, which became badly plugged and it was almost im- the vacuum priming device started. The 11-inch cock was then 
possible to clean it without shutting down the pumps and losing coil etc al = as alec HEME amends Sie: aie alii 
the suction. As it takes about an hour to prime the suction ‘Moved by use of an extracting plug. Ot course the check valve 
header after the suction has been lost the station operators never in the tapping machine did not ho!d against a negative pressure, 
liked to work on the corporation cock. but this was overcome by placing a board across the open end 
Then it was suggested that a connection to the suction line of the barrel of the tapping machine as soon as the top was 
be made up similar to the usual type of device for feeding removed. In this way so little suction was lost that the priming 
chlorine solution. Accordingly Mr. Charles Neydl, who has device had the pumps ready to start again by the time the in- 
charge of the Meter Repair Shop, made the device illustrated. sertion of the 2-inch corporation-cock was completed. 























0536 



























(1) 2-in. Corporation cock fitted with stuffing box plate exactly to fit 1%-in. Wrought Iron pipe. (2) 1¥2-in. Wrought Iron 
bite with ring welded on it for stop-chain. White painted band indicates correct amount of insertion when feeding lime. 
(3) 2%-in. Cap drilled exactly to fit 1%4-in. Wrought Iron pipe and equipped with rings and stop-chain. (4) Assembled Unit. 
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WATER METER TESTING 
PRINCIPLE AND PRACTICE 


[From “Testing Water Meters—Why and How” |* 


The testing of a water meter is very simple. It consists of 
checking the registration of the meter against the actual volume 
of water passing through the meter, as measured in an accurate 
volumetric tank or weighed on accurate scales. 

Meter accuracy may be defined as the quotient obtained by 
dividing the meter reading by the actual volume of water. Thus 
a meter registering 9 gallons when 10 gallons are run through it 
has an accuracy of 9/10 or 90%. A meter registering 52 cubic 
feet on an actual volume of 50 cubic feet is 52/50, or 104% 
accurate. 

Meter accuracy is commonly expressed in percentage fast or 
slow. Thus a meter which records 95 gallons when 100 gallons 
are run through it under-registers or is slow by 5%. A meter 
registering 102 gallons on the same volume would be 2% fast. 


Good Practice in Testing 


Before starting a test, water should be run through the meter 
or meters at a high rate, say 10 or 15 gallons per minute, until 
all the air is out of the meters and the line, and the delivery pipe 
to the tank is as full or as empty as it will be at the end of the 
test. Start the test flow with the test hand of the meter or meters 
on an even starting position or line on the dial. This can be done 
either by running water from the outlet of each meter until it 
has the test hand at the proper position, or the register can be 
turned around in the case until the test hand stands on the line. 

When testing one meter at a time with calibrated tank or with 
scales having percentage beams, the test flow should be stopped 
when the meter has indicated the passage of the test amount. The 
percentage fast or slow of the meter can then be read direct from 
the tank gauge or from the percentage beam of the scales. 

When testing several meters in series or when using scales or 
tanks without percentage markings, the flow should be stopped 
when the test volume of water has been run into the tank. The 
percentage fast or slow of the meter or meters can then be com- 
puted by dividing the meter readings by the actual amount of 
water. It will be seen that the computation will be much simpli- 
fied if the amount of water is one, ten or one hundred gallons or 
cubic feet. Thus the divisor is one, which makes the meter read- 
ing direct in percentage of accuracy. Example: 100 gallons run 
through the meter; meter reading 96 gallons; meter accuracy 
96%, or the meter is 4% slow. 


Amount of Water for Tests 


All test amounts except on lowest flow or “sensitive” tests 
should be at least enough to correspond to one complete revolu- 
tion of the test hand on the meter dial. Often the test hand pinion 
is not in the center of the circle on the dial and this would intro- 
duce an error in reading with partial turns of the test hand. Com- 
mon practice is to test on the small flows with an amount rep- 
resenting one revolution and on large flows with an amount 
representing ten revolutions of the test hand. On the other 
hand, it is possible to get an accurate test on a % inch meter with 
ten gallons or one cubic foot and many meter shops do not go 
beyond this. Of course the greater the amount of water the 
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smaller would be the errors introduced by imaccuracies in reag. 
ings. 


Single or Series Testing 


Meters can be tested one at a time or in series. When there 
are many meters to test there is a worth-while saving in wate 
and time if several meters are tested at once. The number oj 
meters in series or the number of units in the testing machine 
justified for any condition depend on the number of meters jp 
the system and the frequency of testing. Testing machines o 
.benches for up to 12 meters are in common use. 

In series testing the flow can be stopped when the eorrey 
amount of water has been run through the meters into the tank 
and the accuracy of each meter computed as indicated above 
When only a few meters are tested in series it is possible to take 
advantage of the percentage calibration on the tank or scales by 
turning off the water when the fastest meter shows a registration 
of the test amount, reading the percentage accuracy of the meter 
starting the flow again and stopping for each meter as it come 
up to the desired reading. This method of obtaining the meter 
accuracy is not considered good practice as it involves changing 
the rate of flow for every start and stop involved. 


Testing with Test Meters 


For testing in the field the so-called test meter is convenient 
and satisfactory if only a rough check is desired. However, a 
test meter is only a meter and subject to the same variation in 
accuracy which is characteristic of all disc meters. 

Further, a test meter is not positive in the same way as a tank 
or scales. Testing one meter with a test meter or with any other 
meter is simply comparing meters and is not recognized in many 
states which have regulations or laws applying to means or 
equipment for water meter testing. Field testing can be done 
much better and more accurately by means of a calibrated testing 
tank. 


Money Value of Meter Accuracy 


The accuracy of a water meter is a matter of dollars and cents 
to the customer and the utility. 


Fortunately for the customers, water meters which were 
originally accurate cannot over-register beyond a slight speeding 
up in some water conditions. This action is self-limiting, for 
friction increases with the building up of the disc or piston and 
tends to counteract the speeding up. Water meters always slow 
down in service as they become worn, corroded or encrusted. 

The intervals at which it is profitable to the water works to 
test meters and repair them depends entirely on the effects of the 
water and service conditions in making the meters under-register, 
on the value of the water taken but not registered, and on the 
cost of making the necessary tests and repairs. In other words, 
if the increased revenue from the meter pays a good return on 
the cost of making the meter accurate, it is simply good business. 

Several states have recently adopted regulations which specify 
limits between meter tests in water utilities, both in time and 
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jume of water. These limits are necessarily broad, as the 
oboe ‘tion of water and its effect on meters varies widely in 
eongrere and many utilities profitably test and repair more 
any iy than required. These regulations show the growing 
ization that meter testing is important. ; 

The following table shows the value of water unregistered by 

rs of various percentages of slowness, with various amounts 
y poe drawn through the meter and with water valued at 
a 10c to 50c per thousand gallons. These figures can be 
wally transposed into cubic ft. by recalling that 100 cubic ft. 
equals 750 gallons. — , : 

From the table it will be seen that with water at 10c per 
gallons the return on the investment of testing and re- 
mairing a meter 4% slow will be only 40c with every 100,000 
gallons of water drawn through the meter. It would take a 
large and active service to make frequent testing pay under these 
conditions. ' - 

On the other hand, with water at 50c per thousand gallons a 
meter failing to register 20% of the water passing through it 
not terribly rare) would ose $1.00 for the water works with 
wery 10,000 gallons. With these conditions maintained accuracy 
will pay a handsome return on the investment. 


TABLE SHOWING VALUE OF WATER NOT REGIS- 
TERED BY METERS OF VARYING PERCENTAGES OF 
UNDER-REGISTRATION, WITH WATER FROM 
ve TO 50c PER THOUSAND GALLONS, AND 
WITH THREE AMOUNTS OF TOTAL DRAFT. 
VALUE OF WaTER Per 1,000 GALLons 
@ 10c @ 30c @ 50c 
Total Volume Drawn—Gallons x 1,000 


thousand 


*10M 50M 100M 10M 50M 100M 10M 50M _ 100M 
$.04 $ .20 $ 40 $ .12 $ 60 $1.20 $ 20 $1.00 $2.00 
.60 18 90 =1.80 30 1.50 3.00 


08  .40 80 24 1.20 2.40 40 2.00 4.00 
10 50 = 1.00 30 1.50 3.00 50 2.50 5.00 
2 12 4.60 1.20 36 61.80 3.60 60 3.00 6.00 
4 14 «70 1.40 42 2.10 4.20 70 3.50 7.00 
6 6.16 = 80Ss«1.60 48 240 4.80 80 4.00 8.00 


4 
6 ~—-.06 30 
g 
10 
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4.50 9.00 
5.00 10.00 


5.40 .90 


18 18 90 180 54 2.70 
3.00- 6.00 1.00 


20 20 1.00 2.00 .60 





*Under-Registration Percent. 


Steps in Testing a Water Meter 


[A 5zinch meter is used as an example. A larger meter would 
involve the same procedure but would require greater rates of 
flow.] 


1. Insert Meter in Tester—Any means of connecting the 
meter water-tight in the test line is satisfactory but a regular 
tester is much more convenient, 

2. Flush Meter Out With a Large Flow—This is to re- 
move air from the meter and line. A flow of ten or more 
gallons per minute is desirable and should be continued until 
discharge indicates that all air is out of the line. 

3. Bring Test Hand of Meter to a Mark—This can be done 
by stopping the water flow as the hand reaches the mark, or 
by turning the dial in the meter case if the meter bonnet is 
removed. 

4. Run a Test at 10 to 15 G.P.M. Running 50 Gallons or 
10 Cu. Ft.—It is desirable to run this much water although 
more would be just as good or better. Be sure the calibrated 
tank is empty or the scales balanced before the test flow is 
started. 

5. Run a Test at 1 to 2 G.P.M. Running 10 Gallons or 
1 Cu. Ft.—Here again the exact amount is subject to variation 
and more water can be run if there is plenty of time and 
water, 

6. Run % G.P.M. Test, Running at Least 5 Gallons or 4% 
Cu. Ft.—This low-flow test is important for reasons men- 
tioned on pages 9 and 10. 

7. Make a Record of the Tests—Put down in permanent 
form the accuracy of the meter at the three rates of flow, 
date of test and other pertinent information. See suggested 
record card on the previous page. 





IMPORTANCE OF TESTING DISC METERS AT THE 
CORRECT RATES OF FLOW 


By P. S. WILSON 
Water Works Consultant, Glen Ridge, N. J. 


TYPICAL registration curve of disc type water meters is 

shown. In this curve the percentage of the water actually 
registered during passage through the meter is plotted against the 
rate of flow in gallons per minute. 

The curve as a whole may be shifted upwards or downwards 
by altering the gearing of the meters but this will not change the 
general shape of the curve. The curve shown in the figure is 
drawn for five-eighths inch meters but the corresponding curve 
for any size of disc meter will have much the same shape in rela- 
tion to the total range of capacity of the meter. The important 
fact to observe regarding this curve is the fact that it is a curve 
and not a straight line. In other words, even above the low flows 
which the meter will not register, the percentage registered is not 
the same at different rates of flow. 


Importance of Testing at Several Rates of Flow 


The purpose of testing a meter is to determine the percentage 
As ex- 


of the water passing the meter which is registered by it. 
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plained above, this percentage is normally different at different 
rates of flow. In routine meter shop practice it is of course im- 
practical to test a meter at every rate of flow under which it will 
actually operate, and yet we must have assurance that it will reg- 
ister within the limits of accuracy adopted at all of these different 
rates. We know that a test at a single point on the curve, that is, 
at a single rate of flow, will not give us the percentage registered 
at other rates of flow. The curve may be of different curvature 
depending upon the condition of the meter, and we are making 
the test because we do not know the condition of the meter. If 
the clearances in the disc chamber are too great, for example, the 
meter will not register the low flows well and its curve will drop 
off too rapidly at that end. If the “control” is not close enough, 
that is, if the spindle is not held at the proper angle, the meter’s 
registration curve will in all probability go up too high at the 
intermediate rates of flow. With the multiplicity of. parts in a 
meter there are of course many other defects which may have 
various effects upon the performance of the mechanism as a whole. 
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Curve Showing Accuracy of Meter Registration at Variable Rates of Draught. 
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The endeavor must be to test the meter at the least number of 
rates which will serve to indicate with sufficient reliability what 
the performance will be over the rest of its range of capacity. It 
has been found that in normal practice it is necessary to make a 
test at each one of the three different rates of flow, unless the con- 
dition of the meter is already quite well known. In order to ob- 
tain reliable information from as few as three different rates of 
test, these rates must be carefully chosen in order to show up the 
true form of the curve and to know that there are no irregularities 
in it between the points located by the tests. 

The three rates of flow at which a disc meter should be tested 
are usually termed the “Low” or “Minimum” test flow, the “In- 
termediate” or “Medium” test flow, and the “High” or “Full” flow. 


Minimum Flow Test Requirements 


The “Low” or Minimum” flow test is made in order to deter- 
mine that the meter does not drop off in registration at any higher 
rate of flow than economically possible, in other words, the meter 
must be able to register down to a certain predetermined low rate 
with sufficient accuracy. The accuracy of registration at low flows 
depends to a large extent upon the reduction of clearances and at 
the same time the avoidance of friction in the meter. 

The rates of flow called for as “Minimum Test Flow” in the 
Standard Specifications for Disc Type Meters as adopted by the 
American Water Works Association and the New England Water 
Works Association, and reproduced_herewith as Table I, are the 
rates of flow in common use. Different organizations vary some- 
what the required percentage of registration at these flows to suit 
individual views and conditions. The Standard Specifications re- 
ferred to call for at least 90 per cent registration at minimum test 
flows. Good manufactuirng methods and skillful repair work can 
be considerably better than this on both new and repaired meters, 
94 per cent or 96 per cent being not unreasonable to expect. 


TABLE I 


Rates of Test Flow. From Standard Specifications for Cold 
Water Meters, Disc Type, Adopted by the A. W. W. A. June 19, 
1921, and by the N. E. W. W. A. Sept. 14, 1921 


Size of Normal Test Flow Minimum Test 
Meter Limits (Gallons Flow (Gallons 
(Inches ) per Minute) per Minute) 
Oe kasd bGcanexs dane lto 20 4 
| ere 2to 34 WA 
S60 Ogdeadenmtacame tances 3 to 53 Y% 
TOE. tkteaeabecundnusdee 5 to 100 ly 
- kupaseniewadeaetaes 8 to 160 2 
- aeeweeddsekiudaakaws 16 to 315 4 
— satetnciendvateen 28 to 500 7 
6 eile wewexeceaawewas 48 to 1000 12 


Intermediate Flow Test Requirements 


The Intermediate test flow should be chosen so as to ascertain 
that the registration at the high point of the curve does not go 
too high. The rates should, therefore, be such as to aim for the 
probable highest point. This will vary with different makes and 
types of meters but it will usually be found at, or a little higher 
than, the lower figure given under “Normal Test Flow Limits” 
in the Standard Specifications—see Table I. For a five-eighths 
inch meter the table gives 1 gal. per min. and the test flow should 
usually be from 1 to 2 gal. per min. 


If the meter is geared and fitted so as to maintain a good regis- 
tration at-the low and high flows then the difficulty in most cases 
will be to keep the registration down at the intermediate flow. 
The flatter that the curve for the meter is, the less need there is 
for such practice. This is one of the many things to be considered 
in selecting a meter. 


High Flow Test Requirements 


The high flow test is considered by some to be the least im- 
portant. This is unfortunate because it is the quickest and most 
convenient to perform. The exact rate of flow to be used at this 
test certainly is less important than with the low and intermediate 
tests because at rates of flow above the intermediate the curve is 
not apt to rise or fall so markedly. Many shops use a high test flow 
equal to the higher figure given under “Normal Test Flow Lim- 
its” in the standard specifications (Table I). For a five-eighths 
inch meter the 20 gal. per min. flow is approximately the maxi- 
mum rated capacity of the meter. The practical objection to 


using this figure for the high test flow is that in very few cases 
will the service pipe and plumbing in a residence pass nearly so 
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high a rate of flow and we are therefore testing at a rate i 
that at which the meter will ever operate. Between 59 veut 
and 75 per cent of this high figure is a more logical oe 
for testing in routine procedure. At the high flow the per a 
registered should again be kept up, as in the low flow, and mee 
mum of 98 per cent is often specified in accordance at 
standard specifications. the 
Having given consideration to the reasons for choosing each 
of the three different rates of test flow it is of course self-eviden 
that it is of equal importance to actually perform the tests ; 
those rates, in other words, to measure with reasonable accy . 
just what the rate of flow is during the test and to adjust a 
the correct figure. ® 


TABLE II 


Discharge of Orifices in Gallons Per Minute. The Smaller of ¢, 

Two Figures Given in Each Case Is the Discharge of a Shar, 

Edged Orifice in a Thin Plate. The Larger Figure Is 4, 
Discharge with Properly Rounded Edges 


Size of 

Orifice— | ————Pressure—Pounds Per Square Inch—____ 
Inches 40 60 80 100 
1/32.... O11— 0.18 O13— 0.22 0.16—-0.26 0.18~ gy 
1/16.... 044— 0.74 0.54—0.90 0.62— 1.0 0.70— 12 
1/ 8.... 18 — 3.0 2.2 — 3.6 25—42 28-—47 
3/16.... 4.0 — 6.7 4.9 — 82 5.6 — 9.4 6.3 —105 
1/ 4.... 7.1 —118 8.7 —14.5 10.0 —16.7 11.2 ~197 
5/16.... 11.1 —185 13.6 —23. 15.7 —26 17.5 —29, 
3/ 8.... 16.0 —27. 19.6 —33. 23. —38. 25. —42, 
7/16.... 22. —36. 27. —44 31. —5l. 34 —97 
1 /2.... 2 —47. 35. —58. 40. —67. 45. —75, 


Importance of Accurately Measuring Flows 


The most frequently used means of determining the rate of tes 
flow is with an orifice. No fault can be found with this means jj 
we really know how much water is flowing through the orifice, 


The rate of flow through an orifice of a given size depends 
principally upon the. shape of the edges of the hole, the thickness 
of the plate in which the hole is drilled, and upon the effective 
pressure acting to push the water through the hole. Rather than 
to state the size of the orifice it is far more definite to give the 
rate of flow in gallons per minute, or as the number of seconds to 
pass one cubic foot, as is done in up to the minute shops. 


Table II gives the uncertainties of using orifices which have not 
been actually tested under fixed and known pressure. For ex- 
ample, a one-sixteenth inch orifice under a pressure of eighty 
pounds per square inch may discharge as much as one gallon per 
minute if the inner corners of the hole are properly rounded. On 
the other hand, if the edges of the hole are sharp and square and 
the plate through which the hole is drilled is thin the discharge 
may be less than two-thirds of a gallon per minute under the same 
pressure. Variations in the effective pressure added to the above 
uncertainties will of course cause even greater indefiniteness in 
the discharge. At forty pounds per square inch the discharge oi 
the one-sixteenth inch sharp edged orifice may be considerably 
less than one-half gallon per minute, while an increase of the 
pressure to one hundred pounds per square inch will produce a 
discharge through the same orifice with round edges of over 
two and one-half times as much. Such uncertainties as these will 
greatly nullify the benefits of otherwise careful testing. 


The best way to determine that the correct rate of flow is being 
used is to actually use a watch, and preferably a stop watch, to 
time the filling of a calibrated can or tank. The test flows should 
be stated in terms of definite figures, such as gallons per minute, 
and not in terms of the size of the orifice or the number of tums 
of the valve wheel. 

The figures given in Table II are the theoretical figures as t0 
the discharge in gallons per minute of different sizes of orifices 
under different pressures. The smaller of the two figures given 
in each case is the discharge with a sharp edged orifice in a thin 
plate, or with the edges properly bevelled on the outlet side. The 
larger figure is the maximum discharge to be expected 
properly rounded edges on the inlet side of the orifice. These 
figures may serve as a guide in the choice by trial sizes of orifices 
to be used for obtaining certain rates of discharge. Actual meas- 
urement and timing should be employed to check each one, how- 
ever. It must be remembered that the pressure which is effective 
upon the orifice will only be shown correctly by a gage loca 
next to the orifice, and beyond the meter being tested, also that 
the pressure reading must be taken after the flow has become 
steady and constant. 
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SELECTING THE RIGHT METER 


By ROGER W. ESTY 


Superintendent, Water Works and Sewerage, Danvers, Mass. 


In days gone by, the thought of “What shall we set for a 
er on a service line? was not given the consideration war- 
The expense involved apparently did not appear to be 

. factor, because the size of the pipe installed was generally 
wsed as the determining factor in selecting the size of meter for 
the installation. 

Since those days meters have reached a much higher degree 
of perfection and now, at reasonable cost, meters can be pur- 
chased to fit any service required; and, can be depended upon 
to give satisfactory results, ; 

Especial care should be exercised when purchasing a meter 
pecause this device serves as the cash-register of the system. 
When purchasing a meter do not let the price be the determin- 
ing factor; for, as you know, the older we get the more and 
more do we realize that you get just about what you pay for. 
There is no such thing, nowadays, as truth in a claim that “It 
is just as good for one-half the price.” 

We must not forget the obligation we cwe to those we 
serve. We must not spend their money recklessly or unwisely. 
~ Several years ago, at Danvers, we had a water waste sur- 
yey made to check up on our consumption, which apparently 
was gradually creeping upward without any particular reason. 
Much to our surprise, we found no unreasonable leakage, but 
found that all of our large meters were under-registering, some 
as much as 50 or 60 per cent. On large meters this constitutes 
a sizeable and serious loss. 

In the past, we never tested these meters. And, as long 
as they kept running and the monthly readings were compara- 
tive little, if any, attention was given them. When we found a 
stopped one we would take it apart and clean it and make 
whatever repairs found necessary. We didn’t know whether 


met 
ranted. 





Neptune Recording Meter Set, Used in 

Evalulating Variations in Water Takings 

by a Customer and Determining the 
Proper Capacity of Meter 





Portable Meter Testing and Flow Measuring Outfit Used in 
Field Tests 


the meter recorded accurately or not. We merely assumed 
that if it was properly cleaned and repaired it must be right. 

After our water waste survey we changed practically every 
meter. Some we had rebuilt. As time went on we found that 
this change had been very unsatisfactory. We were suspicious 
of the accuracy of the readings of one large meter, realizing 
that its registrations must be too low. To obtain a test on it, 
we put in two ore-inch corporation checks, brought them to- 
gether, and then from this junction extended a fire hose to a 
two-inch test disc-meter which had been previously checked for 
accuracy. From this set-up approximately 200 g.p.m. was 
obtainable. Apparently our suspicions had been right because 
we found the meter under-registering. As a result of that test, 
we started tapping in just beyond all of the other large meters 
for additional testing. 


Meter By-Pass Lines Proved Their Worth 


From the results of this work, we decided to take out all 
of our institution and industrial meters, replacing them with 
new meters. in each case we provided a by-pass line, a test 
tee and the necessary gates, so that tests and repairs could be 
made at any time without inconvenience to the customer. 

In my opinion the money spent constituted the best invest- 
ment we have ever made for convenient and money saving 
maintenance. It is a highly justifiable expense and no meter 
of any consequence should be set without being provided with 
a properly gated by-pass with a test plug inserted. 


We made mistakes in our first set-up that I would correct if 
| had to do the work over again. In making changes my first 
correction would be to set the meter on the by-pass, line and 
leave the main line unobstructed, to take care of large emer- 
gency demands such as would be needed at a fire. As a gen- 
eral rule, a meter much smaller than the size of the supply pipe 
can be, and should be used and there is also’ a saving to be 
had in the cost of the smaller fittings required. This is now 
the practice followed in Danvers. 


Then, next, all gates should be provided with rising stem 
valves. There is a possibility of leaving gates opened or closed 
where the standard (non-indicating) gate stem is used. Visual- 
ization is a great safeguard and protection and at a glance one 
can tell the position of a rising stem valve. 


Oversize Meters—Why? 


After this new set-up of meters had been in for a few years, 
we made a 3 or 4 day test on each meter, running the recording 
testing device twenty-four hours each day. The results were 
surprising—even astounding. Meter line requirements on 6 and 
8-inch pipe lines, provided with meters of the same size as the 
pipe, showed that at no time did the demand exceed on the 6- 
inch meter 25 g.p.m. and on the 8-inch meter 75 g.p.m. 

From these results it was apparent that: In the first case a 
4-inch meter would amply take care of the normal demands 
on the 6-inch service; and in the second instance a 1%-inch 
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meter would suffice on the 8-inch service. But, these meters 
were on lines supplying hydrants, and therefore the smaller 
meters could not be used. It is my opinion, however, that a 
4sinch meter—if not a 3-inch meter—will prove ample. A 
3-inch meter on a by-pass will supply two powerful fire streams 
and in most cases this will be sufficient. If a greater demand 
should be required the main line can be opened. Since we have 
a man who answers every fire alarm, he has been instructed in 
every instance to open up the gate on the unmetered side, re- 
gardless of how small the first might be. 

We have had these smaller meters in now for nine years and 
we have only opened up the unmetered side of the line once 
At this fire only one stream was used, but the gate was opened 
just the same. No difference was noticed in the volume in 
this instance, where a 3-inch meter had been cut into a 6-inch 
line leading from an 18-inch main. 


What Size Service Line? 

When laying a service main I thoroughly believe in laying 
one that will more than take care of the service demanded. 
Larger lines reduce friction and deliver volume up to the point 
of the demand. The owner shou'd be interviewed regarding 
what he feels will be his maximum demand in gallons per 
minute. On commercial lines, I try to have the customer 
visualize a barrel and then tell him that that barrel holds 50 
gallons. Then I ask, how much more or less than 50 gallons 
per minute will he use? He can readily make a comparison in 
his mind between the 50 gallons and the amount he is going to 
use and he can then easily judge about how much he will use, 


and it is seldom you will find any user using more tha « 
barrel a minute.” Cubic feet means nothing to the oa 

and even gallons per minute means little, but the barrel — 
of determining the amount of water he might use ethod 
easier for him to understand and has not failed yet jn g:,: 
to me the information that I have wanted in determinige 1 
size of meter and service needed. & the 


The type of service and demand, should be instrumental ; 
determining the type of meter that should be used. Consid in 
tion of the small flows should be given prior consideration 
cause 90 per cent of the flows come under the range of th 
smallest capacities of the large meters. If a large continuoy 
flow is used, then naturally a meter to register large re 
should be used as there are no small streams to be considered 

I have a case in my own system, at Danvers, where ajj " 
the water is repumped and this pump operates at about 0 
g.p.m. until the tank is full, then it automatically shuts of al 
no more water passes through the meter until the level of th 
tank drops sufficient to kick in the automatic pump switch. }} 
this case a meter to pick up minor flows, leakage, etc. is not 
needed, because the rate of flow is 500 g.p.m. or nothing. 4 

The selection of the meter, should in my opinion, be left with 
the water works officials and not to the customer. The oy. 
ership of the meter should also be retained by the water & 
partment and not by the customer. By experience, water works 
managers are much better qualified than anyone else to selec: 
the proper meter which, in justice to all, must be the most 
adaptable to the desired type of service it is selected for — 

{For the correct size of service line for a given demand a Use- 
ful chart appears in Part III of the 1942 issue —Ed.] 


» IS Much 





Renovating Water Meters 


Water Companies, on the whole, and also several of the more 
progressive municipally owned Water Departments, have found 
that a little dressing up of overhauled meters before returning 
them to the customers’ service has a desirable psychological effect 
on the customer. The spray gun and gilt or silver lacquer or 
a combination of the two is the most universally employed method 
of dressing up old meters after they have been overhauled and 
tagged “O.K.” on the test bench. 

Mr. La Verne Trentlage, Superintendent of Meters in the Water 
Department of Elgin, Ill., has evolved a scheme which goes the 
spray-gilting method one better in making “new” meters out of 
old ones. In the Elgin scheme the metal parts of the meter are 
given a treatment which removes the oxidized or carbonated coat- 
ing from the metal and leaves the parts as metal-bright as when 
turned out by the manufacturer. 


Cleaning and Brightening Procedure 
(1) Dip meter parts for 10 minutes in hot Trisodium Phos- 
phate solution (2% Ibs. or more of T.S.P. in 10 gallons of water). 
(2) Remove meter parts from T.S.P. solution and rinse in hot 
water to remove the alkali. 
(3) Dip the parts in Muriatic Acid solution (1 part 18 degree 
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Muriatic Acid—to 2 parts of water). Allow to remain in this 
acid bath for approximately 15 minutes, or longer if necessary 
Remove and rinse in hot water. 

(4) To brighten to original lustre, immerse in the “bright-dip” 
solution (1 part 38 degree Nitric Acid, 1 part 66 degree Sulphuric 
Acid and 1 part water, plus a handful of common salt). Leave 
the parts in the bright dip for 5 to 10 seconds, the length of time 
depending on the composition of the metal and degree of brightness 
desired. 

(5) Remove and rinse in boiling water to remove acid. 

(6) To keep the parts from dulling on standing, a “stabilizing- 
dip” (especially prepared for this purpose) has been developed by 
General Chemical Company). After the rinse, the parts are 
dipped into this solution, removed and allowed to drain and dry. 

Notes of Caution: Always add acids to water and not water to 
acids when making dilutions. This will preclude over-heating and 
spattering of the acid. Be careful to avoid splashing of the add 
when dipping the meter parts. In case acid accidentally splashes 
on hands or face, wash at once in clean water to avoid an 
burn. Spattered acid is also hard on clothing and shoes. Rubber 
aprons and gloves are good protection. 

Do not use iron or steel wire for dipping meter parts. Copper 
or monel metal wire is satisfactory. 











wh 
sun 


me 
bec 


sar 


age 
ma 
onl 
nec 


t 
tO 


Or 


ma 
are 
ple 
$0 
to 
the 


me 
hu 


set 
a 


el 


He 


do 
of 
flu 








T€ than 4, 
CUstomer 
Tel method 
"> 1S much 
IN giving 
Mining the 


imental jp 
Onsidera. 
Tation he. 
Ze Of the 
COntinuoys 
Arge flows 
Onsidered 
ere all of 
about 50 
ts off and 
vel Of the 
Witch. Jp 
tC., is not 
ing, 
left with 
© Own- 
Water de. 
ter works 
to select 
the mos 
| for, 
ind a use. 


1 in this 
ecessary 


ght-dip” 
ulphuric 
. Leave 
of time 
ightness 


bilizing- 
oped by 
rts are 
id dry. 
water to 
ing and 
the acid 
splashes 
an acid 
Rubber 


Copper 












R-121 


A SMALL METER SHOP 


Room Built and Equipped for the Needs of a Department 
With 3200 Metered Services at Cost of $1500 


By ROGER W. ESTY 


Water and Sewer Board, Danvers, Mass. 


mHE Town of Danvers is situated in the northeastern part of 

I stessochubetts, has a population of 15,000, and is a farming 
and industrial community, with considerable historical back- 
ground. ; : ‘ P 

The water system, started back in 1876 with some twenty miles 
of pipe and about 500 services, today covers 67 miles and has 
3200 metered services. Our consumption started off with about 
120,000,000 gallons per year and increased to an annual con- 
sumption of 550,000,000 gallons during the 1920’s. Metering, 
which was begun in 1922, has caused water waste and total con- 
sumption to drop some every year until now Danvers uses only 
about 360,000,000 gallons annually. 

For years, while our consumption was decreasing and our 
metering was increasing, our revenue kept increasing until it 
became permissible to reduce our service charge 20 per cent. 
Later the meter rate was cut 25 per cent, and it will be neces- 
cary in the very near future to again reduce our rates. 

All of this is the result of planned metering. Up to two years 
avo we had no meter testing room in which to test, store, and 
maintain our meters. Most of our meters—70 per cent—have 
only been in about five years, and we felt it was becoming 
necessary to build and equip a modern, up to date testing room 
to properly maintain them. 


Our Compact New Meter Shop 


Well, what is different with our testing room than what you 
may have? It may be different in one respect, and that is, we 
are starting off with everything new. Three years ago we were 
planning for a new shop building but it just didn’t materialize, 
so the Board decided that they would build and equip an up 
to the minute meter room within our present shop building. For 
the purpose $1,500 was voted to equip it. 

Outside of our commercial meters we only had about 1,000 
meters from 1922 to 1934. Then we started to install a few 
hundred each year until we had 3,200 meters in service by 1938. 

The pictures accompanying this article illustrate our present 
set-up which we feel meets our needs in a satisfactory and 
eficient manner. 

The room is 21 feet 3 inches long by 11 feet wide with 
Homasote wallboard walls, stained hardwood floor, three win- 
dows equipped with venetian blinds and two doors. So, first 
of all, it is light and airy. For artificial light it is lighted by 
fluorescent lights. 


We installed a three meter Ford testing machine and Ford's 
Testerate device, which regulates the testing flow in gallons per 
minute, a 10 cubic foot tank and 1 cubic foot tank. 

In the corner of the room, between the meter testing machine 
and bench, we constructed a wooden washing sink, which is 
3 feet 4 inches by 1 foot 8 inches by 36 inches high. 

Our bench is 12 feet 4 inches and 2 feet 5 inches wide and 
is 3 feet high. It is constructed out of oak and is covered with 
a steel top. It has a meter-holder on the end over the sink, 
where the meters are taken apart, and a small vise is located 
near the same end. At the other end is a portable drill press 
and a portable grinding and brushing machine. 

Under the bench top near the sink is a drawer for the every 
day tools. Then an empty space to sit before. so your legs can 
go comfortably under the bench. Under this section is our air 
line hose coming in from the garage. We find the air hose a 
highly important and useful part of meter shop equipment be- 
cause it is very essential to have air to properly clean and dry 
out the disc chamber for proper fitting. Also air is useful for 
operating a meter for any purpose, particularly the “running in” 
of discs. 


Storage Shelves 


Then we have what we call our “bakers wagon shelf-storage,” 
a series of shelves, grooved and slotted to hold gear trains, 
registers, covers, discs, and chambers. This is the finest method 
of storage that I have been able to find or devise. With this 
scheme many supplies can be stored in a very small space. 

The next section is made up of three drawers for miscella- 
neous storage, equipment, and tools. 


Record File Handy in Shop 


At the end of the bench is sufficient space for a steel desk 
which contains a card file of all of the meters. These record 
cards show a complete meter history as to where and when 
installed, when the meter has been taken out to be tested; also 
the results of the tests, with a list of all material used in making 
changes or repairs. This desk also serves as a place to do the 
necesary book work by the meter-man and a place to keep his 
test books, etc. 

Along the other side of the room are three sets of steel shelving 
which is ample storage for all active meters. That is, those 
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Views of the Danvers Meter Shop 


Convenient method of storing meter parts. 
We call it our “baker’s wagon,” after which 
it was patterned. 


fur dismantling ; 


The wash-sink in a corner; meter holder 
cleaning é 
handy roll of paper towels. The ivy adds 

; a touch. light. 


Work bench with record file and desk in 
corner. Portable drill press, grinding and 
brushing machine—and plenty of tools and 


gadgets and 
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Our Three-Unit Ford Testing Machine 


cu. ft. and 1 cu. ft. measuring tanks. This set up is a “honey.” 


Equipped with flow indicating “Testerate” unit, above, discharging into calibrated 10 
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brought back from summer sery; , 
ter storage, and from houses re me 
has been discontinued for an indefinite 
riod. There are seven shelves cach » 
plying space to store 250 meters. “> 
We read all of our meters by distr; 

we have the town divided up into A.B 

C sections, and so we have assigned Sect 
1 for meters in District A, and Sect; . 
and 3 for Districts B and C. — 


All inactive meters are stored away ; 
another room, which leaves this teem : 
tirely for active material, which plan mabe 
for better “housekeeping.” " 

At the end of the storage racks we hay 
a cabinet of ten drawers, all divided 
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Two More Views 


Looking “aft” down the bench. A close look will reveal the 
highly useful air hose at the central working space. 
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Another look at the “wet-end” of the room. Wash-sink, with 


storage beneath, and the Ford testing machine. 
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rtments, which holds the small parts of the regis- 
nto pore at discs, etc. Over our bench we have three sets of 
ot drawers, which hold several sizes of change gears and 
rey 7: rts of the discs and gear trains. 
gt description, I feel, will give a pretty good idea of what 
feel a well fitted meter testing room should have, to test 
. maintain 3,000 meters. The only difference that I can see 
seuete what we have and a city having, say, 7,500 meters would 
be: first, a testing machine of greater capacity; second, a little 
larger bench; and third, additional storage facilities. 


Design to Save Steps and Loss Motion 


Make your room cozy, don’t make it too barny. Arrange the 
esting machine, washing basin, and repair bench close together. 
it saves time and steps, steps—and this is very important. I 
have seen meter rooms in which the meter man spends far too 
much of his time walking back and forth and back and forth 
from one operation to another. 

Our meter room is the result of my observations in a great 
nany other water plants and from the many helpful suggestions 
we have received from superintendents and meter-men who ac- 
tually do the testing. I am indeed very grateful to them, and I 
extend an invitation to all water works men to visit or meter 
room, for it may offer some thought or suggestions toward even 
a better set-up than we have here at Danvers. 

In my travels, interviews and correspondence there seems to 
be no fixed standard procedure in testing, and, furthermore, no 
one in authority (like a sealer of weights and measures) ever 
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checks up to see whether or not the meter has been properly 
and thoroughly tested to the mutual interests of the customer 
and the utility. 

Samuel F. Newkirk of Elizabeth, N. J., is chairman of the 
Joint Meter Specification Committee for the A.W.W.A. and 
N.E.W.W.A., and his committee has essentially completed a new 
set of specifications that are more rigid in certain directions 
and more flexible in others, than those of the past. 

In the August issue of WATER WorKsS AND SEWERAGE there is 
an article on “Water Meter Maintenance Practice” that was 
recently read at the A.W.W.A. Toronto convention, which is 
very timely. It is the result of a survey by A. P. Kuranz. 
Superintendent of the Waukesha, Wis., Water Department, 
made to secure a cross-section picture of meter maintenance 
policies and practices in this country. 


Why Not "Standards of Testing Procedure"? 


The thought has occurred to this writer—why not have the 
present committee also develop “Standards of Meter Testing 
Practice,” to serve as a pattern in equipping meter-test shops of 
various sizes, and a guide in the proper and most dependable 
procedures and operations in actual routine testing practice? To 
the writer, at the time of designing and equipping the Danvers 
meter-room, and to many others contemplating new meter shops 
or revamping existing ones, such a guide would prove of high 
value and usefulness. It will also go far toward bringing stand 
ardization and better practices into the important field of meter- 
ing, where there appears to be room for much improvement and 
a real need for standardization. 





ELECTRIC HEAT SOLVES PROBLEM AT PUMPING STATION 


LECTRIC heat proved the answer to 

a heating problem recently presented 
at the plant of the South Bay Consoli- 
dated Water Co. at Bayport, Long Island. 
This pumping station contains two rooms 
mn the ground floor and a basement. One 
of the two ground floor rooms serves as 
an office, and the other is the chemical 
feeder room, separated from the first by 
a brick partition. 

Since the chemicals stored in this 
second room are of a nature to attack 
almost any metal except cast iron, it was 
decided that the best method of heating 
the room would be by using cast-iron ra- 
diators. It was decided to build an 
immersion heater “electric furnace” in the 
hasement to supply hot water to the radia- 
tors in both first Hoor rooms. 

Three G-E electric water immersion 
heaters are used to heat the water in this 
ingenious furnace. The hot water riser 
leads from the top of three heater-enclos- 
ing pipes to the radiators on the main floor. 
The returns lead back to the bottom of 
the furnace, providing a neat, compact cir- 
culating system. An expansion tank is 
connected to each of the radiators in the 
first floor rooms. The radiator capacity 
is so arranged that the expansion tank can 
take care of the water expansion under 
any operating condition. 

A magnetic contractor handles the heater 
load, and is controlled by a thermostat 
located in the operating room above. 

_ A very clear view of this “furnace,” with 
its electric and water connections, is shown 
at the right. 
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MEASURING FLOWS BY THE ORIFICE METHOD 






































































































































































































































The orifice method is a sim- 
ple way to measure flow of Pez Dit _cf Oritice sm inches 
water from a pipe discharging Dia of Discharge Pipe ‘ F 
horizontally into the open air. G=HAVGh =HA*8025 VE 3 
The sketch shows the general AxArea af Orifice E 
arrangement. im seuare inches 3 

A plate or cap is affixed to | R* Height of water | — 
the end of the pipe with the cir- 3H te glass above 
cular orifice in the exact center °F, <enler of pipe 
of the pipe. The size of ori- Maan: fa saches Ke it fas thon 
fice should be from one-half to ° Obstruction 
three-quarters of the size of the x, . 
pipe, but must be of such size ,* C 
that it will run full of water. as x2 oe 

A hole for %-in. pipe should - 
be drilled and tapped 24 in. back w. * 
from the orifice and a short %- $8 =n Bees 
in. nipple screwed in until the & TEC eLe 
inner end is exactly flush with 8 =o 
the inner wall of the pipe. One Seeeeeee oe 

sini . s 

end ot a piece of rubber hose : a = ot + 4 


ae as 26 a7 26 
Ratio ef Dra. of Oridice fa Dia. of Discharge Pipe 





is slipped over the end of tt 
nipple and the other end oer a 
glass tube, which should be su 
ported in a vertical position — 

Ratio R is the diameter of 
the orifice divided by the inside 
diameter of the pipe, and the 
proper value of K_ js found 
from the curve. In the formula 
A is figured as the area of the 
orifice in square inches, Ca 
32.2, and H is read as the height 
in inches of the water in the 
glass tube above the center of 
the pipe. Gallons per Minute 
(g) then can be figured. 

For convenience when deter- 
mining capacities during pump- 
ing tests, the accompanying 
table for various orifices com. 
— employed will prove use. 
tul. 





CLEANING METER CASINGS BY SAND BLASTING* 


HE use of sandblasting instead of acid dipping for cleaning 

meter casings being desirable, it was necessary to develop a 
chamber that can be used in the meter repair shop so that the 
work may be done without subjecting the men to silicosis. The 
illustration is a diagrammatic sketch of the chamber developed 
by the bureau. 

The meter is placed on the notched revolving table and revolved 
by inserting the end of the blast gun in the notches. As there is 
some play in the hole through which the blast gun enters the 
box, a vertical strip 2 inches wide may be cleaned before it is 
necessary to revolve the table. 

The registers are removed before the casing is placed in the 
blaster and the bonnet glass and threads on the inlet and outlet 
are covered, thus no sand enters the casing and the glass is not 
etched. The 
minutes 

The operator looks through the glass window, the glass being 


cleaning of a 54-inch meter requires about three 


protected by a fine mesh brass screen which keeps sand from 


etching it. He can see his work at all times while blasting, as 
the inside of the box is lighted 

The sand placed in the bottom of the blaster is drawn up by 
the blast gun, which is really a water siphon. In changing this 
water siphon to a sand blast gun, the designers have worked up 
a jet that can stand the brunt of sand passing through the nozzle 
with very little wear, even though the sand travels under 60 or 
70 pounds air pressure. 

The box is kept free from dust by a suction fan. The suction 
to the fan passes through steel wool that screens out the coarse 
sand particles, which drop to the bottom of the blaster and are 
used over again. 

\fter meters are blasted they are given a coat of clear lacquer 
which meters a uniform finish. Bottoms are painted 
blac k. 


gives all 


*Centributed by W R. La Due, Superintendent, Bureau of 


Water and Sewerage, Akron, Ohio 
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CLEANING METER CASINGS 
Aug 1939 
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The Akron Sandblaster 









ORIFICE TABLE FOR DETERMINING WATER FLOW 
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THE ANTHRACITE EQUIPMENT CORP, 


101 Park Avenue 
NEW YORK CITY, N. Y. 


ANTHRAFILT — an Improved Filter Medium 


Address sales and technical inquiries to 


Palmer Filter Equipment Company, 822 E. 8th St., Erie, Penna. 


Anthrafilt and Its Application 


Anthrafilt is made from a selected Pennsylvania anthracite 
which has been cleaned so as to have a minimum ash. This 
cleaned anthracite is then screened and classified hydrauli- 
cally to yield sizes suitable for filter purposes. 


Anthrafilt is used as a mechanical aggregate in place of 
sand and gravel in all kinds of filters, i.e. 


Slow filters 
Pressure filters 

Oil removal filters 
Alkali filters 

Acid filters 

Sewage sludge-beds 
Household filters 


Rapid gravity filters 
Swimming pool filters 

Hot process softening filters 
Cold process softening filters 
Mechanical sewage filters 
Revolving screen filters 
Portable filters 


The entire filter bed may be made up of Anthrafilt of 
various sizes or only the top layer may be of Anthrafilt over 
the usual bed of gravel. 


Advantages of Anthrafilt 


High Filtration Rate: 
with Anthrafilt without sacrifice of effluent quality. 
cepted average rate with sand is 125 mgad. 


Long Filter Runs: The larger, irregular Anthrafilt grains 
allow less clogging with algae or other fibrous substances. 
The angular grain surfaces provide greater entrapping areas 
for the removal of turbidity and bacteria. The differences 
in shape and specific gravity of the grains, by decreasing 
classification after back washing, allow the whole depth of 
the filter bed to be active in the filter operation. 


Low Wash Water Costs: The long filter runs and conse- 
quent less frequent washing and the low degree of packing 
after back washing combine to cut the usual wash water 
requirements at least in half. 


Rates up to 200 mgad are obtainable 
The ac- 


No Cementing with Lime, Manganese or Iron: Lime will 
coat on Anthrafilt but this coating readily flakes off without 
any cementing action if filters are properly operated. Man- 
ganese and iron salts precipitated on Anthrafilt by the lime 


treatment are easily removed by back washing. 


High Degree of Expansion: 50% expansion is obtained with 


half the back wash velocity required for sand. 

Coarse Sizes Can Be Used: The irregular shape and natural 
filtration characteristics permit the use of much larger sizes 
with equal results, 


Gravel Beds Stay Flat: No ridging or mounding and less 
cracking and pulling away from side walls during operation. 


Low First Cost: Lighter weight per unit volume balances 
the cost differential between Anthracite and sand and saves 
on freight and handling charges. 


Filtration Characteristics 


Anthracite granules are irregular shaped and of varying 
densities. Weights run about 53 pounds per cubic foot as 
against 100 pounds for sand. The irregular shapes provide 
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greater porosity resulting in more rapid filtration with to 
loss in character of effluent and with considerably less jo. 
of head. 


The variable densities of Anthrafilt particles cause less class. 
fication after back washing and the lighter, irregular Shapes 
allow easier expansion and more effective cleaning, 


The greater bulk of Anthrafilt requires less tonnage per 
filter bed. Attrition losses amount to less than 0.25% per year 


Anthrafilt successfully removes lime, iron and manganey 
salts and will not form a permanent coating under proper 
conditions of treatment and filter operation. Lime flakes of 
easily without cementing and the iron and manganese sajt; 
are readily removed by back washing. Oil is easily removed 
from boiler water after coagulation with ferric sulphate 
ferrous sulphate or alum. Anthrafilt can also be used for the 
filtration of acetic and sulphuric acids and caustic soda soly- 
tions. Being insoluble in alkaline waters, Anthrafilt produces 
silica-free water in hot process water softening. 
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Upward impulses of water produces greater g 
grains, hence Anthrafilt beds are cleaned more effectively. 


Anthrafilt No. 1 is usually made in sizes ranging from effee 
tixe size of .60 m.m. to 80 m.m. the uniformity coefficients 
less than 1.75 in all sises. We can make smaller sizes @ 
larger sizes, but for special cases only. The remaining size 
of Anthrafilt are as follows: 


No. 2. Anthrafilt—3/32”x3/16” 

No. 3. Anthrafilt—3/16"x5/16” 

No. 4. Anthrafilt—5/16”"x9/16” 

No. 5. Anthrafilt—9/16”"x13/16” 

No. 6. Anthrafilt—13/16"x1-5/8” 

No. 7. Anthrafilt—1-5/8"x2-7/16” 
The above sizes have 20% tolerance. 


ANTHRAFILT ECONOMY 
When Used in Existing Filtration Plants 


Increased capacity with same plant 
Decreased volume of wash water 
Lower maintenance cost through 
mounding and air binding. 


elimination of 


When Used in New Filtration Plants 


Lower plant investment 
Lower cost per cubic yard 
Lower wash water costs 
Lower maintenance costs 
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RENOVATION AND RUSTPROOFING APPLIED TO 
FILTER PLANTS 


By PAUL WEIR 
Asst. General Manager, Department of Hater, Atlanta, Ga. 


N the Spring 0! 1942 the Atlanta Water 
Department entered upon a rustproot- 
ng and waterproofing project at two of 
.s filter plants. The 21 M.G.D. reinforced 


acrete gravity plant is 20 years old, and 
ie 1 M.G.D. steel tank pressure plant is 


“No Ox-Id” XX was used 


years O 'd. 
successfully. 


+ both purposes very 
The gravity plant consists of seven, 3 
.G.D reinforced concrete filters. The 
ovation work included the waterproof- 
sof approximately | 35,000 sq. ft. of re- 
forced concrete surface and rustproofing 
7c) sq. ft. of 2%-in. diameter cast iron 
‘ter laterals, manifolds and 200 gate 
Jyes, varying in size from 34-in. to 42-in. 
The pressure plant consists of a battery 
¢ % horizontal steel filter tanks arranged 
stwo rows. Each unit has the canacity of 
3,000 gallons per day. The individual 
mits are 8 feet in diameter, 20 feet in 
sth and hold approximately 7,000 gal- 
ms of water. In addition to cleaning and 
rustproofing these metal filter tanks, 425 
valves, ranging in size from 4 to 36 in. 
are being put in first-class condition. Since 
his plant was installed in 1893, it might 
rmally be assumed to have served its 
duces seful life; but as a result of the rust- 
proofing program, it is believed that the 
slant is now starting upon its second 50 
vears of service to the city. 


The Program and Procedure 


Since the protective coating selected had 


ready been determined upon from pre- 


Cleaning the Interior Walls of a 50 Year ’ ‘ ; f : 
Nd Steel Pre ssure Filter by Use of the Interior of Steei Pressure Filter “Flame Primed,’ Cleaned, Rustproofed 
> and Ready for Service. 


“Flame-Priming” Acetylene Torch. 
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vious information, tests and data this 
ticle will be confined to a descripge* 
valve renovation, surface Preparation a” 
coating application procedures. It g 
be understood that choice of material 
a most important consideration it 
worthy of thorough investigation. Our ‘ 
investigation led to the use of “No-Oxslq? 
coating, a highmelting paint wax comes 
ing rust inhibitors, which is effective 
as a waterproofing and as a Tustpr 
agent. (See details in tabulation Of mate 
riais and labor). ; 








As Applied at the Gravity Filter Plant 


The sand and gravel were removed from 
the filters by means of a hydrau‘ic 
ejector and discharged through a bin 
pipe to a cleaning and regrading plant ont. 
side of the filter building. 

The 2\%-in. filter laterals were 
of rust adherent scale by sand a 
both inside and outside. They were the 
dipped into a vat of “No-Ox-Id XX” wha, 
was maintained at a uniform tem 
of 250 degrees F. The dipping proges 
required approximately two minutes, Jy 
laterals were next drained over the tay 
two minutes, and p!aced on the inspection 
rack to cool. After a final inspection, the 
were replaced in the filter bottom. ; 








Treatment of Concrete Surfaces 


The concrete filter walls and bottoms 
were irregular and badly cavitated. No 
effort was made to bring the walls up toa 
uniform contour. They were carefully 
brushed by hand, cleaned of all loose par. 
ticles, washed and dried and treated with 
a 1/32-in. coating of “No-Ox-Id XX’ 
This material was applied by means of a 
specially heated pump applicator which in. 
sured a uniform thickness of material and 











absolute coverage. Thereafter, a non-car- 
bonizing flame from a_ kerosene-burning 
torch (weed burner) was applied gently 
to this new surface in order that the fir- 
ished wall might have a uniformly smooth 
coating. This final smoothing process with 
the torch also showed up any holidays or 
missed spots. These were touched up an 
smoothed by flaming with a_ blow-torch 
In connection with use of the torch in the 
smoothing process, it is we'l to mention 
that the torch should be held at an angk 
to the surface and he moved in sucha 
manner that the flame will strike the sur 
face angularly. A slight sweeping effect 
to the movement tends to fil! al! pores bet- 
ter than perpendicular application of the 
flame. 

















































Renovation of Hydraulic Valves 


The hydraulic valves, which range in 
size from 8 to 42 in., were careful 
cleaned by hand scrapes and power driven 
brushes. Necessary mechanical _ repaits 
were made, and the entire internal surface 
of the valve was coated with “No-Oxld 
A-Special.” This was applied cold by hend, 
using a canvas glove and putty knife. The 
flame of a blow-torch was brought into 
contact with this material in order to ob 
tain a uniformly smooth coating. Holt 
days and bare spots were detected by this 
method and touched up. New cup leathers 
were placed in all of the hydraulic piston 
chambers. 

When all of the valves were finally t 
placed in service it was found necessaty 
to reduce the original water pressure o™ 
the hydraulic system, because of the eax 
with which the reconditioned valves 
erated. 

After all reconditioning work was comr 
pleted, the gravel was replaced in the filters 
in layers, and the sand was returned by 


: » eee ta23 
icsee ius elt er” Fees 
eeeess tg ae 








Sand-Blast Cabinet Interior 
(Showing detail of home-built blast nozzle and how used through rubber sleeved 
arm openings.) 
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neans of an hydraulic ejector. Each filter 
{ was carefully checked to ascertain its 
draulic characteristics, sand uniformity, 





nd effective size. For sterilizing the filter 
eds approximately 3 pounds of chlorine 
s were used per million gallon capacity. 
\fter a period of 48 hours each filter was 
necked bacteriologically and returned to 
service. 

ll work on the gravity filters was car- 
ried out by our local forces, who comp!eted 
the job in approximately six months. 

We have experienced no leakage in filter 
alls since this work was completed and 
the over-all efficiency of each filter has 
een materially improved. From the stand 
nt of rustproofing and waterproo‘%ne, 
they are better today than they were 20 
ars ago when the plant was new. 


Work at the Pressure Filter Plant 

The oldest of the steel pressure filter 
anks were placed in service about a half- 
ntury ago, and while it is impossible to 
give a complete understanding of their con- 
tion, the pictures show rather clearly the 
itted and corroded condition of the equip- 
nent. 

After the sand and gravel were removed 
yan hydraulic ejector and conveyed by 
+in. pipe to a washing and grading plant 
itside the building, it was found that the 
mteriors of these filters were badly tuber- 
lated; and in many instances, the original 
‘in. metal thickness had been reduced to 
{-in, 













Surface Preparation by "Flame-Priming” 

\ number of different methods were 
sed in attempting to remove the tenacious 
fust scale, the majority of which were un- 
uccessful. It was finally decided to re- 
move all superficial and loose rust with 








“No-Ox-Id” Dipping Tank and Renovated Valve 


billy shove's. An oxygen-acetylene flame- 
priming torch was used to dehydrate the 
remaining tenacious scale, which was 
readily removed by hand chise's and power 
lriven wire brushes. 

The flame-priming torch consists of a 
special '4x6-in. head,. attached to a regu- 
lar oxygen-acetylene handle, operated by 
means of a quick opening valve. It was 
furnished by the Linde Air Products Com- 
pany. This equipment generated a_ tem- 
perature of approximately 6,200 degrees 
F. on the surface of the iron rust. Care 
was exercised not to overheat the area of 
the metal adjacent to the rivets. A 1200€ 
cu. ft. per minute exhaust fan furnished 
fresh air in the tank through a second 
manhole. 


After the interior of the fitters was 
cleaned of al’ rust scale, the surface of the 
metal was heated to about 100° F. by 
a large natural gas torch. This was done 
to free the surface of the metal from 
moisture of condensation. It should be 
emphasized, that in using any torch for 


this purpose, care must always be exer- 
cised to maintain an oxidizing flame. Ili 
a reducing flame is used, carbon or smoke 
deposits on the surface of the metal might 
seriously limit effectiveness of the bond 
between the rustproofing coating and the 
metal. Immediately after the drying pro- 
cess. “No-Ox-Id XX” was applied to the 
surface of the metal by means of our tem- 
perature control’ed coater, which is both 
heated and motor operated from a 110-volt 
A.C. electric circuit. —See picture. 

A natural gas burner was used to smooth 
up this coating in order that holidays and 
bare spots might be detected. A second 
application of the coating material was then 
applied, which resulted in a total thickness 
of about 1/16-in. This was again flamed 
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Parts 
for final smoothness and the filter was 
ready to be recharged with gravel and 


sand. 


Renovating Valves and Fittings 

Vatves in connection with the pressure- 
fiters are all hand operated gate valves, 
with a history of from 30 to 50 years of 
continuous service. Most of these have 
been operated as throttling valves. The 
bronze faces on the gates, wedges and case 
rings, were badly worn and almost beyond 
repair. It was possible, however, to salvage 
bronze facings on about one valve in four. 
The other bronze faced gates, wedges and 
case rings were replaced with new parts by 
the Rensselaer Valve Co., the original man- 
ufacturer. It was possible to reclaim al] 
other parts of the valves. They were re- 
turned to service when completely reno- 
vated. 

All interior cast iron surfaces of 
valves were badly tuberculated with 
and scale. We attempted to remove this 
material by means of hand scraping and 
power driven wire brushes. It required one 
person about eight hours to remove this 
scale by hand. It was impossib‘e to prop- 
erly clean corners and inaccessib!e areas, 
which predominated in the majority of the 
smaller valves reconditioned. 


the 
rust 


Development of a Sand Blasting Method 

It was finally decided to remove the 
scale by means of sand blasting. This was 
accomplished by building a 4 ft. by 4 ft. 
by 8 ft. sand blasting cabinet, with a dust 
exhaust at the top. This was located on 
the filter operating floor. The. photographs 
show in some detail the design and opera- 
tion of this cabinet. The operator stands 
on the outside of the cabinet and operates 
the sand blast nozzle by reaching through 








R-130 


two rubber sleeved openings in the wall of 
the cabinet. A 14 in. by 20 in. glass win- 
dow, set at an angle and protected by hard- 
ware cloth, is provided so that the opera- 
tor can view the progress of the sand 
blasting which takes place entirely within 
the cabinet, without coming in contact with 
the obnoxious dust. Two 200-watt electric 
lights, arranged in the ceiling of the cab- 


inet, afford ample illumination. The ex- 
haust fan keeps the cabinet reasonably 
clear of dust so that vision is good. There 


is, however, sufficient etching impingement 
on the glass window to require its replace- 
ment occasionally. Valves and fittings up 
to 18 in. in size can be handled satisfactorily 
in this cabinet; but larger items are more 
conveniently handled by individual hand- 
cleaning methods. 

In using the sand blasting cabinet, the 
casting to be cleaned is placed on a %-in. 
wire screen, supported on 3%-in. pipe the 


full width of the cabinet. A second rein- 





and receives the air line. The sand and air 
are ejected through the third %-in. open- 
ing, into which is fitted a % by 3-in. nipple. 
Air pressure is maintained at approximately 
90 pounds. Approximately 300 pounds of 
sand is used and re-circulated through the 
blasting system every hour. 

While on the subject of sand, it should 
he pointed out that the character of sand 
is an important item in satisfactory sand 
blasting operation. The sand must be main- 
tained in an absolutely dry condition, and 
a good grade of clean, sharp, silica sand 
must be provided in the first place. 

The cast iron fittings are cleaned down 
to the bare gray iron in a surprisingly short 
time. It was soon discovered that the sand 
blasting would seriously cut all bronze sur- 
faces and that some method of protecting 
them was essential. Knowing that “No- 
Ox-Id XX” would resist sand blasting, a 
heavy coating was painted on these sur- 
faces and the entire fitting was then cleaned 


General Data on Quantities 


Man Hours 


Pounds 


Thickness Coating 


Cleaning Coating Repairing of Coating Material* 


Metal filter tanks (per 1,000 sq. ft.).. 80 


Concrete walls (per 1,000 sq. ft.)..... 58 
24 in. hydraulic valves (per unit).... 11 
Miscellaneous valves and fittings 8 in. 

OD ES Bi GEE Wc ccvcccccessseces 4 


*For all but the hydraulic valves the material used was ‘“‘No-Ox-Id XX"; 


16 in. 


36 ~ 1 107 

20 ‘ 1/32 in. 75 

l 4 1/32 in. 2 

ly 34 1/32 in. 14% 
for the 


hydraulic valves “‘No-Ox-Id A-Special’’ was used. 


forced 16-mesh screen constitutes the top 
of a steel hopper, which is installed 6 
inches below the top %4-in. screen on which 
the sand blast operation takes place. 

\bout 300 pounds of sand is carried in 
the sand hopper, and this is drawn through 
a rubber hose from the bottom of the hop- 
per to the sand blasting assembly by air 
pressure, then it is ejected out onto the 


metal surface to be cleaned. The ejected 
sand and rust particles are caught on the 
lower '%-in. screen and the sand passes 
through the final 16 mesh screen, from 


whence it is returned to the sand hopper 
for recirculation to the air blast nozzle. 
The ejector nozzle is also a home-made 
arrangement and consists of a %-in. Y-lat- 
eral, or McDaniel suction tee, one leg of 


which is connected to the %4-in. sand suc- 
line, the 


tion second is reduced to '%-in. 





with the sand blast without damage to the 
bronze areas. The fact that the rustproof 
coating selected resists sand blasting is an- 
other evidence that it will give long resist- 
ance to normal wear, when applied to the 
interior surfaces of the filters. 

After the valves were sand blasted, all 
parts were cleaned of silica dust by hand 
wiping with clean rags and brushes. The 


parts were then dipped into a 50-gallon 
steel dipping tank of “No-Ox-Id XX,” 
which was heated to 180 degrees F. by 


means of a 6-in. diameter household nat- 
ural gas burner—see picture. 

It is important to point out that no water, 
air, or steam should be app‘ied to the metal 
surfaces after they are cleaned and ready 
for coating. If either water, steam, or air 
were used for removing adherent dust par- 
ticles after sand blasting, the adherent mois 











Fifty Year Old 8-Inch Gate Valves Before and After Renovation and Rustproofing. 


W. & S. 
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(For application of viscous Coatings ) 


ture would result in initial oxidation of thy 
surfaces and would prevent proper adher. 
ence of the coating. This observation is 


The Universal Hot Coater 










quite contrary to the opinion held by som 
engineers with whom we discussed th 
problem before establishing our procedure 

It was found necessary to maintain a pj. 
form temperature of the “No-Ox-Id Xy 
in the dipping vat at 180 degrees F. This 
temperature resulted in a uniform protec. 


tive coating. 


The time of dipping varies 


from two minutes to five minutes, depend 


ing 


upon the size of the casting. A smal 


electrically operated hoist was used in the 
dipping process, and all fittings were 4. 
lowed to remain suspended over the dip- 
ping vat approximately two minutes, after 
which they were placed on the inspection 
rack to dry and cool for final checking 


All 


usable portions of the valves were they 


placed on the assembly table where the 
valve was reassembled and tested hydrau- 
ically at 25 to 100 pounds to insure proper 
operation. 

Development of this procedure required 
many months of study and experiment 
tion. The final results, however, are grati- 
fying and permit us to further utilize a 


18 


mgd. filter plant which has already 


served the city for 50 years. 


Materials and Equipment 


For the benefit of those interested the 
following listing of materials and equip- 
ment utilized is given. 


Coating Materials: 


“No-Oxa-Id” — Waterproofing 


and rust- 


proofing compound. 


“No-Ox-Ild XX 
wax with rust 
155 


at 40 degrees below Zero. 


—A high melting point 
inhibitor. Melting point 
Will not become brittle 
Used for both 


degrees F. 


rustproofing and waterproofing. 
*No-Ox-Id A-Special’'—For rustproofing 


Hand application cold. 
degrees F. 
(These 


Melting point 1% 
Use for Pustproofing. 


coatings were supplied by Th 


Dearborn Chemical Co. of Chicago.) 
Cleaning Material: mF 
Clean, sharp, dry, silica sand, passing } 
mesh screen. 
Coating and Cleaning Equipment: 


Steel Filter 
214x7%4 in. 


1 
] 
1 


Tanks and Valves 
Osborn Master 
scratch brushes. 

in. diameter Osborn air power brush. 

in. Red Devil wall scrapes. 


, 


Wheel wire 


Linde W-26 ox-weld acetylene flame 
priming torch and equipment 

lig Electric 400 cfm. exhaust fan. 
Westinghouse Electric 2,000 cfm. é- 
haust fan 

Homelite gas motor, 2,000 cfm. exhaust 
fan. 

Buffalo Forge Electric 1,200 cfm. 


haust fan (sand blast cabinet.) 


Material Application Equipment: 


5 
1 
1 


gallon capacity kerosene burning torch 
% in. natural gas-air burning torch. 
gallon capacity Universal Electric ho 
material coater. 


Miscellaneous Material: : 
1 25 H.P., 115 cu. ft. Gardner-Denver # 


1 


compressor. : ’ 
5 H.P., 25 cu. ft. Curtis air compress 
portable. 
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F. B. LEOPOLD CO., INC. 


Water Purification and Sewage Plant Equipment 












































422 First Ave. Pittsburgh 19, Pa. 


THE LEOPOLD 
Filter Bottom 








Non-Corrosive — Permanent 


Ings.) 





N Of the 
" adher. 
ation js 
by Some 
sed the 
ocedure 
Na uni- 
id rd Standard Filter Block 
prot F The Leopold Filter Bottom cannot be compared with any other type of filter under-drain 
| Varies ‘ . i ‘ “7° . ir’ ‘ 

depend. | ystem as it is entirely different and eliminates all the difficulties experienced with other types. 


\ smal ‘ ‘ ‘ ° ° . . - > - 
‘in tix { Each block is a separate collecting and distributing unit of 2 sq. ft. of filter area and assures a 


he dip positive and equal collection of filtered water and distribution of wash water. 
$, after . ‘ ° P . . 

pectin The large gravel bed is eliminated, thus removing the source of most filter troubles. 
ecking . : - - 
rethe | The Low Loss of Head through this system (less than 1.50 ft.) at the normal back wash 
re th ‘ ; “Ri , : et ‘ 

vdra. rate, reduces pipe and valve sizes, making possible a great economy in piping design. 
Proper 


The Compound Duplex Filter Bottom is now produced from 
F de-aired fire clay, vitrified and salt glazed. 











ment DRY CHEMICAL FEEDERS 
ie Leopold X-L type dry chemical feeders are of 
the volumetric type. Where quality, accuracy and 
long life is desired these feeders have long been 
od fe the standard. 
Manufactured in six standard sizes ranging in 
b 1 capacity from .5 to 1500 lbs. per hour based 
ot on alum. 
cite For feeding alum, hydrated lime, soda ash, car- 
4 bon or other dry materials. 





Filter Operating Table 


vin | Hydraulic Control Tables (operating tables) are master units for 
ust. f centralized control of hydraulic valves. 
Leopold operating tables meet all requirements and are furnished in 
. & F any size, combination or style desired. 
Marble, asbestos, slate or metal cabinets, separate manifold headers, 
lubricated four-way valves, operating plates and levers and separate 
ch dial type valve opening indicators. 
Designed for artistic effect, durability, long life, easy operation, and 
aminimum of attention. Dry Chemical Feeder 
_—————— 
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STUART-BRUMLEY CORP. 


516 NORTH CHARLES BALTIMORE 1, MARYLAND 


ACTIVATED ALUM-BLACKALUM | cic 


Walls 


The Best Coagulants for Your Needs ea 


BLACKALUM is a powerful deodorizing and de- 
colorizing coagulant. It contains’ powdered acti- 
vated carbon. Alumina content over 17%. lt pro- 
vides maximum economy with greatest efficiency. 























































Activated Blackalum prevents fermentation of =— 
sludge in basins. Fast floccing over a wide pH — 
range. It is particularly effective for summer co- — 
agulation. It removes tastes from water supplies. 

By the use of Blackalum, troubles resulting 
from red water are successfully eliminated. 

Due to its powerful deodorizing and decoloriz- 
ing properties waterworks engineers claim that 
Blackalum is exceptionally economical. 

10 TECHNICAL ! 
ADVANTAGES | 
t/ 
|. A more definitely defined floc. ' 
2. Faster setttling floc. 
3. Stabilization of sludge. 
4. Stabilization of filter sand. 
5. Longer filter runs. 
6. Reduced 20% bacterial count in The 
filtered water. : 
pens 
7. Less free residual alum in finished st 
water. _ 
8. Chlorine demand reduction. elim 
9. Dechlorination. = 
10. Taste and odor improvement. 
Palmer Filter Bed Agitators installed between concrete wash water troughs. 
CHEMICAL DIVISION MACHINERY DIVISION 
% ACTIVATED ALUM % PALMER SURFACE WASH SYSTEMS 
America’s most popular water works coagulant. Write for Increases plant capacities; eliminates mud balls; saves 
Bulletin No. 28. wash water. Designed, furnished and installed. Write 
x ACTIVATED BLACKALUM ey ee ee = 
(Compound activated carbon coagulant.) For coagulation % STUART WALKING-BEAM FLOCCULATORS 
with taste and eder controls. Write for Bulletin No. 29. No bearing surfaces under water. Write for Bulletin No. 39. As 
w ACTIVATED CARSON = ‘ x ADJUSTABLE VENTURI THROAT DISTRIBUTING 
For taste and odor control. Write for Bulletin No. 30. WALLS P 
%& ELECTRONIC WATER PURIFIERS Regulates velocities thru settling basin; prevents short . 
Write for Special Bulletin. circuiting. Write for Bulletin No. 40. Wr 
LEADING SUPPLIERS TO THE WATER WORKS INDUSTRY 
W. & S. W.— REFERENCE & DATA — 1946 
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STUART-BRUMLEY CORP. 


516 NORTH CHARLES ST. BALTIMORE 1, MARYLAND 





PRODUCTS 


palmer Filter Bed Agitators — Electronic Water Purifiers — Adjustable Venturi-Throat Distributing 
Walls — Overhead-Drive Flocculation Equipment — Filter Alums — Powdered Activated Carbon — 


Bleaching Clay — Automatic Water Sampler. 






































The Palmer Filter Bed Agitator 
(method of washing filter 
beds) is patented, 2309916 
and 2309917 . . . your assur- 


ance of effective surface washing. 


PALMER FILTER BED AGITATORS 


The Palmer Filter Bed Agitator is a simple and inex- Hundreds of municipalities, and a great many industrial 

. ‘ 1ec ave P > ‘3 or > f ate re T > ee 

pensive device that is being incerporated in new and companies have Palme r Filter Bed Agitators. he device 

7 he §] operates by water at city pressure. High velocity, low 
existing plants increase 2 rati ‘apacity ¢ Ht, . ‘ . 

sting plants to increase the filtration capacity and volume jet action completely scours the expanded filter 


eliminate mud balls. medium. 





THE TECHNICAL ADVANTAGES 


Longer filter runs Produces “new” sand after three week’s 
: operation 
Requires an average of 40% less wash . P . 
water Turns out purer, better tasting water 
Completely eliminates mud balls Low installation cost 
Eliminates cracking or shrinkage of the No operating cost 
beds. More water through the filters 


- 











ASK THESE USERS: Norfolk, Va.; Washington, D. C.; Oklahoma City, Okla.; Youngstown, Ohio; Char- 
lotte, N. C.; Laurel, Md.; Buffafflo, N. Y. 


Over two thousand units in service throughout the world. 


Write for free technical bulletin describing Palmer Filter Bed Agitators. Ask for our free supply of 
convenient memo pads. 
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FERRI-FLOC, the ferric coagulant that is 
today solving water and sewage problems 
throughout the United States. In actual 
plant operations FERRI-FLOC is proving 
most satisfactory for use under widely 


varying conditions. 


In water treatment, the use of FERRI-FLOC 
varies from simple coagulation at normal 
pH’s to softening at high pH’s, and color re- 


moval at very low pH’s. 


In sewage plants, FERRI-FLOC is being 
used at high pH values for treatment of 
concentrated laundry wastes, at extremely 


low pH values for slaughter house wastes, 





ATLANTA, 
GEORGIA 








TENNESSEE CORPORATION 


FINEST QUALITY PRODUCTS 

























SAU@ WITH FERRI-FLOC! 


and at practically all intermediate pH’s for 


treatment of domestic sewage, milk wastes, 
canning plant wastes, acid wastes, and a 
multitude of others. 


The purity of FERRI-FLOC has not only 
been maintained during present adverse 
conditions but has actually been improved. 


Take advantage of modern plant research 
and findings: let FERRI-FLOC solve your 
water or sewage treatment difficulties. Ask 
Tennessee Corporation’s Technical Staff to 
help you solve your specific problems, or 
write for case histories of plants with prob- 
lems similar to yours. 





LOCKLAND, 
OHIO 
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CLEANING FILTERS WITH SULPHUR DIOXIDE 


By J. GS. 


PATRICK 


Chemist, West Virginia Pulp & Paper Co., Luke, Md. 


AND grains of rapid sand filters frequently become coated 
. with mud, biological slime, manganese, organic matter, iron, 
floc particles, or a combination of two or more of these film- 
puilding materials. When sand grains become thus coated the 
siter suffers loss of efficiency; mud balls and hard-spots appear, 
wash water requirements go up. The “schmutchdecke” era is of 
the past, and it has become well established that the “clean 
iter is the best filter.” Several methods have been employed to 
josen the coatings from filter-sand grains sufficiently to allow 
prevailing washing rates to remove them. 

Caustic soda and chlorine, so effective in many cases, has been 
found of little value in loosening coatings made up in good 
part of manganese and iron oxides. Then the idea of utilizing 
an effective reducing material was considered. In looking for 
the reducing agent most simple to apply and least costly, the 
possibilities of sulphur doxide gas came to mind. The scheme 
proved simple and effective. 

This paper tells of some of the experiences with the sulphurous 
acid method of sand cleansing in four filter plants. So success- 
fyl has been the scheme that the writer has, for protective 
reasons, taken out U. S. Patent 2,069,621, covering “A Method 
of Cleaning Sand Filter and Appurtenances.” This patent has 
heen assigned to West Virginia Pulp & Paper Co. and its in- 
dustrial chemical sales division. 


Part |—Early Experiences at Luke, Md. 


The process was developed at the 12 m.g.d. filtration plant of 
the West Virginia Pulp & Paper Co. operated under the writer’s 


(3) Main effluent header and wash water valve closed. 

(4) All small pipe connections across the Venturi and other 
meters closed. 

(5) A cylinder of liquid SO. (similar to chlorine cylinders) 
was then attached to the effluent header by a brass pipe and 
standard chlorine tank connections and the SO2 added as a gas. 
A heat evaporator was necessary to hasten the exit of the gas, 
and even that required a few hours to empty a tank. (In later 
applications the cylinder was inverted and 150 pounds of liquid 
SOz could be drawn off in 10 minutes, if desired.) 

(6) As the liquid SO. was applied, the wash water valve 
was opened a little, water permitted to enter and force the 
sulphurous acid into the under-drains and up through the gravel 
and sand to a one-foot depth above it. 

(7) After standing the required time the filter was given at 
least three back-washings. 

Following the gas treatment the first washings were dark 
gray, changing to a light yellow. An analysis of the early 
material proved it was chiefly iron-aluminum floc discolored 
with some manganese dioxide and activated carbon. The yellow- 
ish substance was iron and manganese in solution. 

The filters were so improved in efficiency and capacity, other 
treatments were given as conditions warranted. 

Pertinent data giving the strength of solution, cost, and results 
obtained in treating three different 3 mil. gal. filter units (154 
cubic yards of sand each) are given in Table I. 

Since most of the coating was removed from sand, gravel 
and pipes the concentration of the solution for future treatment 





supervision. 

The raw water is heavily contaminated 
with acid coal mine wastes contributing 
the useful but, at the same time, trouble- 
some iron and manganese. Caustic soda, 
and alum to supplement the iron and alu- 
minum salts in the raw water, are em- 
ployed as the coagulating chemicals. Ac- 
tivated carbon is added to the raw water 
to assist in clarification. The iron content 
of the raw water averages 1.00 p.p.m. and 
is reduced to 0.17 p.p.m. by treatment. 
The manganese is less affected, being de- 
creased only from 0.30 to 0.26 p.p.m. be- nonin enenianiiaiiinniile 
cause of partial oxidation. 

Early Cleaning Methods 

After two years of service, attempts 
were made to clean the sand beds by WATER LEVEL DURING 
treatment with a 2 per cent solution of a 
caustic soda followed by stirring the sand 


by an air-lance. The sand was only par- nen CATER, 
tially cleaned. Total cost, including all 






LIQ@UIO SULPHUR DIOXIDE TANK 


SULPHUG OCIOKIOE WATER SOLWTION 
MAY ALSO GE APPLIED AT THIS POINT 


 FLCOe Line 
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incidentals, was $37.50 per filter of 154 erroen 





cubic yards. Other efforts were made to 
clean the under-drains and filter bed by 
chlorine applications to the wash water, 
but this was only partially successful. 
Mechanical treatment was applied to break 
up the mudballs. 


Sulphur Dioxide Tried WEST VIRGINIA PULP ¢ PAPER Co. 


FICOMONT w. 





METHOD OF APPLYING SULPHUR DIOXIDE 
* TO FILTER BEOS 








Sulphur dioxide had already proved suc- 


cessful i i se d its ‘ 
co gpl regen Sly me gen: As Sketch Depicting Method of Applying Sulphur Dioxide to Cleanse Filter Beds 


from the water mains in the mill. These 

mains were found to be heavily coated 

with the undesired hydrated manganese dioxide, which broke away 
to produce dark and smudgy specks that spoiled many tons of 
high grade white paper. A 0.2 per cent solution of SOs water 
(sulphurous acid), allowed to stand in the mains 6 hours, reduced 
and removed the manganese effectively. 

Laboratory tests were first made by treating the filter sand 
with SO. water of various strengths. These tests showed a con- 
centration of 3.0 per cent SO in the water cleaned the sand to 
its original white, sharp grained condition. 

Filter Bed Treated 

_The SOs treatment was then tried on a large scale with a 
ilter bed. Preliminary to introducing the SOs the filter was 
Prepared as follows: 

(1) Filter thoroughly washed, to reduce gas consumption by 
loose material. 

(2) Water drawn down through sand into gravel. 


may be diminished and the interval between treatments extended 
to maintain practically clean surfaces. 

The quantity of SOs used was less than the amount shown 
by the laboratory tests; only enough to make a weak acid 
solution which is quickly spent, and likewise harmless to metal 
surfaces. 

A dosage concentration of 0.3 per cent SOs. appears to be 
rather effective without being corrosive at Luke. At this con- 
centration, 150 pounds of SO: makes 6,000 gallons of sulphurous 
acid to fill the voids in the gravel and sand bed. 

Mechanical agitation or raking the bed during treatment 
hastens the action. Naturally the longer the soaking period, 
within limits, the cleaner the sand becomes. 

Results of Treatment 

1. On the hard and over-capacity draughts there was no floc 

or dirt drawn through the filter bed. 
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2. Mud balls disintegrated. 
3. The wash-water was more uniformly distributed through- 
out the sand bed. 

4. Sand was lighter in color, having lost much of its coating; 
its buoyancy, too, had decreased. 


5. Filter runs were extended 25 per cent in time between 
washings. 


Advantages of the Method 


1. Liquid SOs is easily obtained in convenient portable cyl- 
inders at a reasonable cost. Usually the commercial grade can 
be purchased at 10 to 12 cents per pound. 

2. The application is simple with most filters. The cylinder 
may be connected to brass pipe by means of the standard flexible 
tubing and the adapters used with chlorine cylinders, (Rubber 
tubing, with brass union connections, may be used in place of 
pipes.) The average cylinder can be emptied as liquid within 
10 minutes. (See sketch.) 

3. Labor cost is small, requiring only a few man-hours to 
wash the filter preparatory to, and after treatment, and connect 
piping—a one-man job. 

4. The SOs reacts not only with the manganese but also with 
the iron and other matter present. The sulphurous acid kills 
hacteria and plankton, disintegrates mud balls, and opens closed 
ports in the collector pipes. It reaches into inaccessible parts of 
the filter. 

5. The SOs is less dangerous to handle than many other 
aggressive chemicals, especially sulphuric acid, sodium hydroxide, 
etc. 

6. The removal of the sand, as with the ejector method, is 
unnecessary. 















































































Preparations for Using SO2 


These tests demonstrated that sulphur dioxide gas must be 
respected and handled with reasonable caution. 

\ll pipe connections must be kept tight. The gas is irritat- 
ingly unpleasant. A gas mask equipped with an “acid” gas can- 
nister is good protection to have at hand in case of an e.cape 
of the gas in a poorly ventilated room. 

The liquid striking a moist skin may cause a “frozen-burn” 
from the resulting quick evaporation 


Comments 


It is believed the sulphur dioxide solution (sulphurous acid) 
cleans the pipe interiors, the gravel, and the sand in the follow- 
ing manner. The coating existing mostly of iron hydroxide, 
hydrated manganese dioxide, silica, calcium and magnesium, 
alumina and organic matter, is acted upon by the sulphurous acid 


which reduces the manganese to the soluble manganous salts and 
the ferric iron to ferrous iron at least in part. The oxidation 
continuing, sulphuric acid is formed to some extent. The acid 
dissolves or loosens the incrustants, breaks apart agglomerations, 
scours the gravel, and unplugs collector pipe orifices that may 
be partially closed. 

It is generally more economical to apply small doses of SO, 
at frequent intervals, since so little labor is required, thus remov- 
ing a small portion of the coating each time, than to use a strong 
dose at longer intervals to get rid of a greater amount of the 
coating at one treatment. With the weaker solution, risk of 
corrosive attack on metal parts is far less. 

It is our belief that the sulphur dioxide method of treating 
filters is the answer to the problem of loosening sand coatings 
for easy removal. For removing the calcium carbonate coating 
from filters in water softening plants, the scheme is not recom- 
mended, however. This because of the dangers of cementation 
of grains, caused by conversion of the calcium carbonate to cal- 
cium sulphite and, possibly, some sulphate where oxidizing com- 
pounds (iron and manganese) are present. 

[Calcium carbonate can most effectively be removed by acid 
or chlorine water to form soluble chlorides.—Ed.] 


Part II—A Demonstration at Baltimore, Md. 


A demonstration was arranged with Mr. James W. Armstrong, 
Filtration Engineer, Baltimore, Md., to study the merits of the 
sulphur-dioxide process. 

The raw water at this plant is from the Gunpowder River, 
where several billion gallons are impounded in Loch Raven 
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TABL 
Soaking 
Application - —8O.——_, Period, Wash 
No. Lbs. Pet Hours Water, Gals. 
es =F 100 0.100 5 200,000 
re ie 75 0.075 4 200,000 
(3) 156 0.150 8 200,000 





reservoir. It contains an average of 0.5 p.p.m. iron (Fe): 9> 
p.p.m. aluminum (Al); and 0.27 p.p.m. manganese (Mn):’ 02 
38.0 p.p.m. alkafinity. Frequently the manganese content’ and 
so high as to necessitate the use of lime and iron to preg runs 
it, with the iron, ahead of the filters. Pitate 


The Filter 


The filter, of 4 m.g.d. capacity, has a sand surface of 1,449 
square feet, there being 18 in. sand depth and 18 in, of grad 
uated gravel with a volume of 160 cubic yards. Voids are al. 
culated at 40 per cent = 1,728 cubic feet, or 108,000 Ibs. of wat : 
to fill the void spaces. ad 

Sand is usually cleaned by an ejector-washer about every teo 
years, requiring four men, at an approximate cost of $50 per 
filter. The gravel is dug out and run through a revolving 
grading screen, aided by hard jets of water. Much time ; 
required to replace the gravel in the separate layers of th. 
proper size. 

Before the SO: treatment the sand had a deep brownish-blag, 
color and was sticky enough to be moulded wet. Several fair. 
sized mud balls and ridges were prominent. The gravel, x 
checked in an untreated filter bed (No. 14), had a pasty black 
coating about 4% inch thick. There was a thin coating of my 
on top of the sand bed, and in some sections this mud hag 
penetrated several inches into the sand. The concrete walls ang 
troughs were coated with a dark slime. 

The filter was given a thorough back-washing for 414 minutes 
(151,000 gallons) preeeding the treatment. The water rose yp. 
evenly through the sand, indicating several quiet or inactive 
collector pipe ports or hard spot interference. 

SO. Application 

The SOs supplied by the Virginia Smelting Co. was added as 
liquid. (See sketch.) Using the general procedure already de. 
scribed, the water level was lowered to near the bottom of the 
gravel (indicated in a gauge glass on outside of filter) ; the SO, 
was introduced; water then added slowly through the under- 
drains until the level was above the top of the sand. The soak- 
ing in this solution of sulphurous acid continued overnight. The 
filter was then backwashed a few times, and samples taken of 
the waste water from the top at the wash troughs and also 
underneath, from the rewash line. Examinations of the sand 
and the gravel were. made and the effluent and wash water 
analyzed for iron and manganese after each treatment. 

\ connection was made with the cast-iron effluent header by 
means of a 34-inch brass nipple and valve. The SQ@sz cylinder, 
on the operating floor above, was connected thereto with a 
flexible 3¢-inch rubber hose. An auxiliary valve, with union 





E I 
— ——_—_____——_———- Cost - 
Per Cu 
Labor SO: Wash Water Total Yd. 
$0.80 $10.00 $1.60 $12.40 $0.08 
0.80 7.50 1.60 9.80 0.06 
1.00 12.90 1 60 14.60 0.10 


connection, was on the hose at the cylinder to aid in disconnecting 
the container and to prevent the escape of any SO: gas. 

The quivering motion of the flexible hose, and the coating of 
frost on the brass valve and pipe at the effluent header, were 
good signs the liquid was flowing. The disappearance of the 
frost served as a good indicator that the cylinder was empty of 
liquid SOs and could be disconnected. 

(Strong ammonium water serves well in detecting any leaks 
of SOs, because vapors of ammonium sulfite (smoke) quickly 
form. ) 

Practically the total 1,950 pounds (13 by 150 Ibs.) of SO: 
was added without any annoyance of escaping gas. The only 
perceptible odor was momentary during the occasional opening 
of a test valve for SO. water. The 1,950 pounds of liquid SO: 
(based on the 108,000 gallons in the 40 per cent voids in the 
sand) produced a 1.80 per cent solution. After dosing, water was 
introduced underneath to force the sulphurous acid formed up 
through and above the sand bed. Thus it stood during the over- 
night soaking period. 

At the end of this time the filter was backwashed. Samples 
were collected from the wash troughs and from underneath the 
bed at the rewash or waste pipe, and other observations were 
made. The water samples were tested for pH, iron, manganese, 
and unspent (residual) sulfites. 


Special Equipment 


A convenient piece of apparatus, which facilitated and ex- 
pedited the handling and the emptying of the SOs tanks, was 4 
portable inversion stand supplied by the Virginia Smelting Com- 








Tota 
Total | 

Aft 
by dig 
color, 
good- 
black 
higher 
have | 
oft by 
anothe 
requit 
grave 
ened, 
filter 
suffict 
water 


Result 


Ina 
the s: 
iron 
criter 
in po! 
Sand 

Toy 

Bot 
Sand- 

Top 

Bot 

As 
disso! 
and | 
used 
410 1 
unit, 
wate! 

Th 
mud 
sand 
motic 

Th 
foc | 
and 
coati 
the ¢ 
balls 


Part 


At 
SO. 
13-1! 

Ti 
of s 
wate 
dose 
sam 
rest 
betw 
part! 

A 
Wor 
treat 
catic 
Cons 

v 


bore 





€); 02 
1) ; and 
nt runs 
Clpitate 


f 1,449 
grad. 
Te cal. 
t Water 


ry two 
VOlving 
ime js 
of the 


h-black 
il fair. 
vel, as 
’ Dlack 
of mud 
id had 
lls and 


1inutes 
S€ un- 
lactive 


led as 
ly de- 
yf the 
e SO, 
inder- 
Soak- 
The 
en of 
| also 
sand 
water 
er by 
inder, 
ith a 
union 


rCu 
08 
06 
10 


“ting 
Y of 
were 


the 


y ol 


paks 
ckly 





any. This device consisted of a simple semi-circular rack made 
f one-inch angle iron. It was so balanced for rolling in one 
jirection to pick up the full cylinder after clamping in place. A 
everse roll inverted the cylinder to the vertical position, with 
the tank valve readily accessible for attaching the rubber hose. 
Two small wheels, midway of the arc, permitted easy wheeling 
iq transportation, when the container was left in a horizontal 
ggsition. It is truly a one-man, one-hand rack, allowing cylinders 
io be attached, moved around, or inverted with little effort. A 
130-pound cylinder could be set into position and connected in 
14 minutes, emptied in 10 minutes, disconnected and removed 
in 1% minutes—the total of 13 minutes being required for the 


~omplete cycle. 
complete Cc) APPROXIMATE COST 


: ioxide— 5 s = 156.00 
s ifur dioxide 1,9: 0 Ibs. at $.0 SO CHSEOCOECCOe SHOBORS* BS ob. 

suite water—2,435,000 gals. at $8.00 M.G.......cceccecesces 19.26 
tabor—preparation SE OE WS ohbsvbisrcsdewascas 15.00 


After the third wash the sand and the gravel were examined 
yy digging to the collector pipes. The sand was clean, bright in 
color, and the last two (larger) layers of gravel still showed 
good-sized areas of partly loosened or semi-dissolved typical 
black and pasty coating. With a longer soaking period or a 
higher velocity of wash water it is believed this coating would 
have been eliminated by the treatment, for it was easily washed 
ff by one or two dips in quiet water. With the gravel in 
another filter (No. 14) untreated with SO., this pasty coating 
required considerable agitation or rubbing to remove it from the 
eravel. Further evidence that this coating was effectively loos- 
ened, and partially dissolved, was shown by the fact that the 
filter had to be drained to waste for several hours before it was 
suficiently free of manganese content to warrant turning the 
water into the clear well. 


Results from Treatment 


Inasmuch as primary interest was in removing the coating on 
the sand and gravel, and this coating was composed chiefly of 
iron and manganese, these objectionables have been used as a 
riterion of cleaning in the following data. Results are expressed 
n pounds per ton (2,000 Ib.) of the sand. 

—Pounds per Ton—, 


Sand—Before SO. Treatment Iron Manganese 
DG MOE: cava rad hnwssedenssesxiusaeeewnae 30.83 7.45 
Bottom (mext tO sr&vel) ...cccccccscecccse 22.3 12.44 

Sand—After SO. Treatment 
i CE Cadniehe Ghee hen ee eb ewemivd omen de .10 2.49 
erent CRORE OH BPAVOED ccccicccvcesccenun .08 1.99 


Assuming that if the samples of wash water, containing the 
dissolved materials, were true representative composite samples, 
and based on the approximate two million gallons of wash water 
used in clearing the beds, there were removed in the backwash 
410 lb. of iron and 1,892 Ib. of manganese. With such a large 
unit, however, it was impossible to get truly representative dirty 
water samples. 

The SO. treatment was effective in reducing the size of most 
mud balls and eliminating or disintegrating some entirely. The 
sand was cleaner and looser throughout, as shown by the surface 
motion during backwashing. 

The dark color of the backwash water after the soaking, the 
foc it contained, the brightening of the sand, and the softening 
and the removal of the greater portion of the black and pasty 
coating on the gravel and the underdrains, are all evidence that 
the entire filter was materially cleaned. A few clay-like mud 
balls remained intact. 


Part III—Cleaning the Batavia N. Y. Filters 


_At the municipal water filtration plant of Batavia, N. Y., an 
ot ig demonstration was successfully made November 
3-15, 1937. 

Two filter beds were treated, one with a 2 per cent solution 
ot sulphur dioxide (sulphurous acid) based on the weight of 
water in the filters; and another, partly cleaned with a one-half 
dose, or 1 per cent SO». Preliminary laboratory tests on small 
samples had determined that a 2 per cent SO. application would 
restore the sand to its original quartz whiteness. The contrast 
hetween the uncleaned and the cleaned sand was striking. The 
partly cleaned sand gave an intermediate gray-white color. 

After demonstrating to Mr. H. M. Cook, Supt. of Water 
Works and Filtration, how easily the SO. could be applied, he 
treated the rest of the filter units himself with 1 per cent appli- 
cations. 


Condition of Filter Beds 


The sand in these beds was not as dirty as some, although it 
re a dark brown coating of sufficient thickness to cause the 
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adhesion of sand grains to each other. There has been no trouble 
with the coating breaking off and clouding the effluent. The 
beds were last cleaned in 1930 when Leopold type filter-bottoms 
were installed. Mud balls were absent due probably to the 
hard hosing treatment which has been a practice after each 
backwash for some weeks. The condition of the gravel and 
the underdrain is not known as it has been some time since 
they were inspected. 


SO. Dosage—Recirculation Tried 


The usual procedure was employed in treating the Batavia 
filters. They were given a good backwash, drained through the 
effluent waste, then wash water introduced to bring the water 
level up into the gravel bed. The depth of this water was 
determined by a small pipe gage fastened to the effluent header. 
The liquid SOs was added from an inverted cylinder through 
the rubber hose and brass connections into a tap made between 
the valves and the filter manifold or underdrain header. After 
the addition of the SOs enough wash water was run in to bring 
the solution level to a few inches above the top of the sand bed. 
The SOs hose was then disconnected and a one-inch hose was 
attached to the top and connected to the suction side of a small 
centrifugal pump delivering 8 gallons per minute. The discharge 
from this pump was carried away by ordinary garden hose, the 
nozzle end of which was kept submerged under the water above 
the sand. Every 30 minutes this nozzle was moved to a new 
point on the sand bed to insure a positive action at all sections. 
This circulation accelerates the activity of the sulphurous acid 
and it was a marked improvement over the natural diffusion 
experienced at Luke, Md., and Baltimore. It is the first time that 
recirculation was tried and it is believed it would be especially 
advantageous not only to insure movement of the solution and 
sulphur dioxide economy, but also in breaking up mud balls and 
enlivening dead spots. 

This recirculation continued for 24 hours, at the end of which 
time the sand under the 2 per cent solution had entirely lost its 
coating and had regained its original color. As mentioned 
above, the test with the 1 per cent solution did not remove all 
incrustants. 

Within a few hours the supernatant liquid on top of the sand 
changed to a deep lemon color and some SOz odor came from 
this, but at the end of the soaking period there was no trace of 
SO:. The filter was backwashed several times as follows: 


Back 


Washing Time Gals. Waste Water pH 

1st 9 min. 30,000 Amber 6.0 
(Stood 1 hr.) 

2nd 7% 25,000 Light floc. 6.2 
(Stood 1 hr.) 

3d 7 23,000 Clear 6.3 


The first backwash water was a deep amber color covered 
with several inches of foam. After the above three washings, the 
filter was put in operation with the effluent run to waste for 
about 5 hours, and when the pH reached 7.1 was put “on to the 
line.” Measurement of the sand bed before and after treatment 
showed but little change in depth. That the sand was uniformly 
cleaned throughout the bed was shown by digging to a depth of 
two feet in several places. Twenty-four agar plates and fer- 
mentation tests on the filter effluent, after cleaning, gave negative 
results. This is more proof that the sulphurous acid has bac- 
tericidal and bleaching action as well as chemical action. 


Part IV—Cleaning the Filter Beds of the Long 
Island Water Corporation, Valley Stream, L. I. 


A fourth demonstration was made at the request of the Free- 
port Sulphur Company which has been studying new applications 
of sulphur compounds through a fellowship at New York Uni- 
versity, New York City, under the supervision of Prof. L. V. 
Carpenter. 

The sand was incrusted with a bright reddish iron oxide. 
These filter beds were a striking example of an unusual condi- 
tion, since the water is heavily loaded with iron and manganese 
and the chief problem has been to remove these compounds. 

One of the four 1.5 mgd. filters was treated with a 2 per cent 
solution of sulphur dioxide. This filter bed had recently been 
opened to examine and replace strainer head, and samples of the 
gravel and sand were obtained. The gravel bore a typical 
blackish-brown pasty coating about 1/16 in. thick of the hydrated 
manganese dioxide. As the sand was uniformly incrusted with 
ferric oxide, more on the order of a stain, this red oxide when 
dry in the sunlight caused the sand grains to resemble garnets. 
This coating furthermore is an advantage as it has a contact or 
catalytic action in iron removal. It is claimed that this iron 
incrustant once eliminated would reduce the efficacy of the sand 
as an iron remover, and it was estimated that several weeks 
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would be required to form a new coating. Apparently the coat- 
ing has become constant since the effective size of the grains 
has increased only 0.08 mm. with 4% years’ continuous service. 

Since the gravel was so heavily coated it is reasonable to 
think the interior of the effluent header and other lines carry 
similar coating. 

Although the sand in some beds has been shifted by an ejector 
this is claimed to give little cleaning action. The sand was free 
and there was evidence of mud balls or effect on filter runs, etc. 
The filters are washed every 24 hours. It is reported that the 
interior of the distribution mains to the consumer are being 
steadily coated with a black deposit which occasionally breaks 
away and becomes apparent in the water. This further suggests 
that the manganese is being deposited within the mains. The 
raw water is from deep wells from 150 to 200 feet deep. A 
typical analysis of raw and filtered water is as follows: 





———ppm. — 

Raw Filtered 
 aeere ore Kies een es 0.10 
Manganese ... ones peariier . asee ee 0.00 
SES a ae vow 25.00 
Carbon dioxide . iatnea ab awaces oh torus sable 19.0 2.00 
Alkalinity, M. O ‘ iteeK~eedenalees ae 24.00 
Color ... iandetvEse pakcneielnt we es a 0 
Turbidity ..... inthe te nah i an ac eT ace atid 5.0 0 
Dissolved oxygen av ee TTrirt st e ee 6 g/1 
BES 6s : pea eiesendbenidedaice een 6.0 7.2 


Treatment consists of aeration by an Aeromix unit, followed 
by the addition of 0.6 grains per gallon of lime for oxidation and 
precipitation of most of the iron during the 15-minute sedimenta- 
tion preceding filtration. The effluent of the rapid sand filters 
is stored in open, slow sand filters through which the water is 
drawn from the bottom and pumped to the distribution mains, 
hence having double filtration. 


SO, Treatment 


For cleaning filter No. 3 the quantity of liquid SO required 
for a 2 per cent solution was calculated as follows: 
8 ee ££ BSS SR re 352 sq. ft. area = 
1,760 cu. ft. 
14,000 Ib. HO 
880 Ib. SO. 


1,760 cu. ft. x 62.5 x 40% voids..... 
To produce 2% solution rere 
Pipes 1x10 in. 1x12 in. x 16+16+11 





32 cu. ft. wh toil beek oe be hed ed eundaks 40 Ib. SO- 
3 in. water above sand = 0.25 ft. x 352 
88 cu. ft reoneanees eveseaeuceusess 110 Ib. SOz 
0 1,030 Ib 


rT . . SO. 
@ % cents pound = $94.50. 
Total solution 6,180 gals ; 


The regular procedure was used, washing the filter thoroughly, 
draining it, then adding enough water to take up the SOz which 
was applied in stages, as noted below, to obviate high concentra- 
tion of sulphurous acid in the header for any long period. The 
seven cylinders of liquid SOs, 1,050 Ib., were added without any 
leaks or other annoyances. 

Recirculation, as described in the Batavia work, was employed 
during the 15 hours’ soaking period, with a 9-gallons-per-minute 
pump which actually turned over the solution (theoretically) 1.3 
times. The hose nozzle was kept submerged and moved at 


regular intervals over the surface at all times. A slight odor «; 
SO: arose from the surface of the bed for the first her 
then disappeared. Within five minutes after the water had and 
raised to above the sand the solution had begun to tury red 

at the end of the soaking period the color was a deep cri = 
or blood red, too dark to see through. Tmson 


Back Washing 


At 11 a.m., the next day the filter was backwashed as follows: 
Wash © 


Wash Time Color of Solution W. 
er ee 10 min. Blood red ry Gals 
Stood 15 minutes , 
Boccccece geteegne 5 min. Lemon yellow 25 
Apparently no change in deep red color of sand at 19” bel 
surface. Stood 3 hrs. 10 min. pH 4.2. si 
Bo vevnceccrsecsces 5 min. Light lemon yellow 25,000 


At 3:45 p.m. filter put in operation, effluent run to Waste 
pH _ 5.7. ; 

At 9:00 p.m. filter put into service. Effluent pH 7.0, 

A sample of the gravel was removed several days after the 
treatment and was found to be clean or free of the black man. 
ganese and iron coating. 

The sand, however, remained little changed in appearang 
Since this iron incrustant is an advantage in the water trey. 
ment it is well it retained its iron oxide coating. 


Results 


Sand Examination 


Professor Carpenter and his associate, Mr. John Coates, found 
the following: 


Effective Uniformity 

Sieve Analysis Size Coefficient 
Fare ee ere ee 0.44 1.50 
I Re SINE noc wiccnccanenesne 0.52 1.56 
Be SO re 0.485 1.59 


The effective size changed by the treatment from 0.52 to 0.485, 
while the uniformity coefficient remained practically constant. 

Further analysis showed the sand incrustants (Fe:Os) before 
cleaning were 6.9 per cent and 5.9 per cent after treatment 
Calcium and magnesium were not found in the incrustants, but 
a small amount of manganese was present. 

Analysis of water above sand after recirculation 15 hours* 


(Piedmont Laboratory) : 
Lbs. in Filter 


Gms./L. ppm. Solution 
Tn MEE 2n056s40660sn0eeeeee 30.1 30,100 1,550 
Volatile and organic matter.... 11.0 11,000 564 
ee SEED on os taken ewes 0.9 900 47 
DE. Steceterededdvnedsvenceuenne 5.9 5,900 310 
DS scitcteananeasaneones 2.4 2,400 124 
De Scligvecauadebadnces ears 2.1 2,100 108 
reer cr Te 1.4 1,400 72 


(Ed. Note: Since original publication of this article the use of 
sulphur dioxide to clean filters has found favor in a number of 
other plants throughout the country, notably Louisville, Ky, 
Noonan, Ga., Tarrytown, N. Y., Passaic Valley, N. J., and Perth 
Amboy, N. J. among others.) 





*Based on 6,180 gallons in filter, and assuming this was a rep- 
resentative sample. 





PROPORTIONING CONCRETE 





Gravel 4” and under 


Proportions of Mixtures Cement Sand Stone 
Cement Sand Stone Bbls. Yards Yards 
1 2 3 1.54 47 73 
l 2 4 1.34 Al 81 
l 2 5 1.17 36 89 
1 24 4 1.24 47 75 
1 2% 5 1.10 42 83 
l 2% 6 98 37 89 
1 3 5 1.03 47 78 
1 3 6 .92 42 84 
] 3 7 84 38 .89 
l 4 6 83 51 47 
l 4 7 77 47 81 
1 4 g 71 43 86 
l 4 9 65 40 89 
~s ID dct eine heed ewusbaeheweneen = 94 Lbs. 








a, ST so ckekenenenandandcsentess coce oT Coy Ft 


Material For One Cubic Yard Concrete— 




















Stone 1” and under, Stone 214” and under, 
dust screened out dust screened out 
Cement Sand Stone Cement Sand Stone 
Bbls. Yards Yards Bbls. Yards Yards 
1.70 52 77 1.73 53 79 
1.46 44 89 1.48 45 AI) 
1.27 39 97 1.29 39 98 
1.35 52 82 1.38 53 84 
1.19 46 91 1.21 46 92 
1.07 Al .97 1.07 Al 98 
1.11 51 85 1.14 52 87 
1.01 46 92 1.02 47 93 
91 42 97 92 42 98 
90 55 82 92 56 84 
83 51 89 84 51 A! I) 
77 47 93 78 48 95 
71 43 97 73 46 1.01 
4 Bags of Cement.......... aint aetna rca ...e. == 1 Bol 
ef er = 400 Ib. Gross, 376 Ib. Net 
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PRACTICAL ASPECTS OF POROUS PLATE 
FILTER BOTTOMS 


Based on Experiences at Larchmont, N. Y. 


By HENRY T. HOTCHKISS, Supervising Chemist 
Department of Water and Sewage, Larchmont, New York 


T IS obvious that in passing down through a filter bed, water 
| goes from zone to zone of varying function. The sand-gravel 
interface has received notice in connection with both sand sup- 
port and wash water distribution. Such functional analysis is 

necessary in order to understand the losses of effectiveness which 

may arise from disruption in any of these zones and so that 
corrective measures may be taken. 

In an otherwise quite excellent outline’ there is found a gen- 
eral disclaimer for faulty filter design in the following state- 
ment: “Sometimes trouble occurs in a filter bed due to local dis- 
placement of gravel. It may be that some of the large gravel 
has been forced upward through the fine gravel, or the fine gravel 
may be ridged or mounded in places. Unless the causes for such 
conditions are understood, the general movement may be wrongly 
attributed to faulty design or construction of the filter bottom.” 

This, the writer believes, should not be accepted as a dog- 
matic statement that filter design has been perfected or stand- 
ardized, but rather as an admission that improvements are 
needed. a y 

Again a statement* is made that “Another drawback is that al- 
though we may say filters are poorly designed, we do not have 
good proof of the assertion. 

“Perhaps most of us believe we know a better filter design, yet 

no one has produced a filter bottom in which filter beds handling 

various types of water have all remained in good condition. 

Either the ideal design has not been found or there are certain 

inherent weaknesses which cannot be remedied by any design of 

the bottom. The latter is believed to be the reason.” 

This statement should spur on investigations seeking to perfect 
both design and operation. 

Bed Surface the "Tell-Tale" 

The surface layer gives some indication 
of the state of affairs in the zones below. 
Mounds and craters are generally symp- 
toms of internal troubles. Smaller mud- 
balls may be localized at or near the sur- 
face, but hard spots and cracks due to 

bed shrinkage result from dirty sand or 
upset gravel. Surface washing systems, 
when provided, give the operator a valu- 
able tool for improving sand conditions. 
They cannot, however, be expected to cor- 
rect deep bed disruptions. A clever opera- 
tor, even without use of surface wash, can, 
by the use of rake and water jet, “iron 
out” these surface blemishes. This, how- 
ever, does not correct the underlying flaws. 
These can only be cured by a major opera- 
tion. 

There is, unfortunately, no influence act- 
ing during the backwashing operation to 
restore, once disturbed gravel to its origi- 
nal graded position. This is so because 
those forces which move the gravel are all 
localized and due to high velocities created 
by various conditions over which the oper- 
ator may or may not have control. Studies 
indicate that at times, when wash water 
is first introduced—and even when the 
rate-of-rise is still low—there is a tendency 
lor the sand to expand from the- bottom as 
the sand mass is lifted. Then a weakening 
takes place, at one or more points. Finally 
gravity prevails and the less dense fluid 
(sand-water mixture) gushes up through. 
The velocities of these vertical jets, coming 
irom deep down, are of gravel moving 
magnitude. This may and does happen be- 
lore a normal maximum rate-of-wash is 
reached. The fewer the points of break- 
through, the more violent is the local ac- 
tion. [Filter beds containing air removed 





from the water during filtration have been known to “blow-up’ 
when cracking the wash valve with the net result of an inverted 
gravel bed and trouble.—Ed. } 

In recent years, the importance of the sand-gravel junction 
has been more fully appreciated.’ In this zone the wash water is 
finally distributed to the sand. The loss-of-head throughout the 
interface must be of constant magnitude if even velocity distri- 
bution is to be attained. Here, however, is the most unstable por- 
tion of the, gravel, because the gravel approaches sand grain 
dimensions. 


Why the Gravel Bed? 


Sand of good quality and proper size is provided to act as a 
straining medium, primarily for removing the suspended matter 
present in the applied water. In rapid mechanical sand filters 
the action is physical in nature. 

As for the gravel, it does not seem possible to build such a 
substantial case of necessity. As a matter of fact, from what has 
been outlined previously, the evidence indicates that a good case 
exists for eliminating gravel from filter design. This can be 
done if a method of supporting the sand and distributing the 
wash water can be provided. The proposals of H. N. Jenks* and 
especially the studies of Professor T. R. Camp have led to the 
production of manufactured porous plates for this purpose. Their 
use appears to be a cure for chronic filter illness due to deep bed 
gravel upheavals. 


The Porous Plate Bottom 


Any discussion of the merits of porous plates over conven- 
tional under-drain systems has been purposely omitted since this 
topic has already been given some attention.’ 

It must be admitted that there is the likelihood of fine grained 





Some Cause for Concern 

Filter Bed Conditions at Larchmont Which Aroused Our Interest in the Possibilities 
of Improved Design and Eventually the Installation of Porous Plate False Bottoms 
and Elimination of Trouble-making Gravel. 
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plate clogging; but because of the compara- 
tively low initial head loss through the plates 
and because of the equalizing factor which 
exists as the less resistant pores become con- 
stricted, considerable leeway is provided be- 
fore cleaning operations are required. Pos- 
sibly, routine treatment of the plates with 
dilute acid at one or two year intervals will 
be found desirable. Certainly, the character- 
istics of the applied water should be scru- 
tinized carefully if calcium carbonate o1 
other deposition is probable, so that suitable 
provisions may be made for protecting the 
plates. 

Since the advent of the porous plate filter 
bottom there has been a conservative desire 
to know, in advance, just what the life oi 
the plates will be. There is no question con- 
cerning their mechanical strength. Nor is 
there doubt of their ability to withstand the 
chemicals normally present in water and 
sewage, or even acid solutions of consider- 
able strength. The question raised is a mat 
ter of performance. Will clogging take place 
at a rate which will nullify their usefulness? 
Subsequqent to the provision of automatic 
rate-of-wash control it has been possible to 
secure comparative loss-of-head data 








Larchmont Experiences Construction of Porous Plate Filter Bottoms at Larchmont, N. Y. 

The Norton plates (12”x12”) are installed with three point support, making for eas, 

in levelling and alignment. The rods, washers and bolts are of “Everdur” bronze. The 
plates form a false bottom above the origimal manifold. 


The original filter unit, equipped with a 
porous plate bottom and placed in service 
July, 1939, in our plant, as recounted in this 
magazine,’ has been in continuous use. This 


was equipped with piezometer tubes just above and below the flowed into the crock and to the filter bottom by way of the 
plates in order to follow any changes in the hydraulic character syphon at about five gallons per min. The 66° Be. technical sul- 
istics of the plates. Readings taken indicate, as anticipated, an furic acid was run into the crock at a slow rate by means of a 
increase in loss-of-head. An intermediate interval was also ob- glass funnel so that within an hour’s time 81 Ibs. had been used. 
served when the loss decreased for a time. The net result by A solution of 134 per cent by weight, on the basis of the acid 
February 21, 1941, was a total head loss through the plates of used, was thus made and provided about 300 gals. of dilute acid. 
24 inches of water. This was with a wash rate of 16.1 gals. per The level of water in the filter, which had previously been drawn 
sq. ft. per min. (approx. 26 inch rise per min.). This head loss down just to the sand, rose slowly. The water flowing through 


is not considered high. New plates showed an initial loss of four the hose was permitted to force the acid slowly up through the 
inches of water under similar condition. The loss during filtering plates and sand for an hour. 
at design ratings continues very low. Thereafter, wash water was introduced at a slow rate for an 
additional half-hour, when the water level had reached to within 
a foot of the lip of the wash gutters. Then the wash was con- 
tinued at normal rate, utilizing 30,000 gals. to sweep out the 
residual acid and loosened solid. Water was then filtered to 
waste until the pH had increased to the point where the filtrate 
had become alkaline to methyl orange. The loss-of-head through 
A syphon line. of common garden hose, was led from a crock the plates was measured during the wash. It was found that this 
on the filter gallery floor to the underdrain manifold. Water mild treatment, over a period of two and one-half hours only, 


In order to provide some indication of the effectiveness of rins- 
ing the plates with dilute acid, the unit was cut out of service on 
February 21st. The following procedure was used to introduce 
sulfuric acid, using fittings provided for the purpose in the 
riginal installation 










; Pesky aa mere. 





Construction of Power Plate Bottoms of the Ford Motor Co.’s Plant at Flat Rock, Mich. 


The “Aloxite” 12”x12” plates, resting on steel bars welded to the old laterals drilled along their sides, are held in place with studs, 


nuts and washers of phosphor-bronze. 
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uced the loss of head during the 26 inch wash rate to 12 
just one-half. The cost was about five dollars. 
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inches of water, or 
An Air-Water Brush 


The following interesting disclosure may possibly be premature, 


put we shall take the chanc2 in relating it at this time. For some 
time since the initial plate installation in 1939, there has been the 
temptation to utilize the porous plate botom as an air diffusing 
medium in order to obtain the scrubbing air-wash effect, particu- 
igrly since the merits ot this form of agitation have not been 
seriously discredited. It happened that the installation of rate- 
of-wash control in conjunction with a new steel all-welded wash 
water tank made it possible to introduce air along with the wash- 
water ; and, moreover, without any cost lor equipment or power. 
This was done by applying the aspirator principle. 

A tap was inserted in the upper leg of a 12-inch tee having a 
0-inch side connection to the rate-of-wash controller set between 
the tee and the wash water storage tank. The upper leg is 
normally valved off, being connected to the tank to by-pass the 
controller if need be at any time. The lower leg is joined to 
the 12-inch wash water line leading to the filters. The center 
line of the tee stands about 13 feet above the sand surface. By 
cracking the valve at the tap as the wash valve opens, adequate 
volumes of air are inspirated and carried by the wash water to 
the plates. In this way very good air distribution is secured 
over about two-thirds of the area of the bottom. Varying degrees 
of violence of sand agitation and circulation, depending upon the 
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volume of air admitted, have been secured. By shutting down 
the air before the end of the wash, as is usual, the air is swept 
from the system by the finishing water wash. 

Thus the entire sand mass may be subjected to a thorough 
going-over without auxiliary equipment. This novel water-air 
wash procedure is possible with the rigid sand supporting 
medium, and absence of gravel. 


Adequate descriptions of porous plate installations have already 
appeared.’ Certain refinements of detail and construction features 
which have been incorporated in the three new units provided 
at the Larchmont, N. Y., plant are being covered in an article to 
appear in “Public Works.” 

When the water level is drawn down below the sand in the 
three new units, the sand surface is almost carpet smooth. The 
accompanying picture, in which a fairly heavy blanket of alum 
floc and activated carbon has been retained on the sand, is hardly 
a substitute for visual inspection. From an operating angle the 
results with the first bottom of porous plates have been very 
gratifying. 
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APPARATUS FOR COLLECTING FLOCCULATED SAMPLES* 


HE apparatus shown on the accom- 





panying sketch consists of a wide mouth 
bottle clamped to a thin board, which in 
turn is attached to a pole of suitable 
length. The board is free to rotate on the 
center pivot and may be turned by the 
string or light chain attached to the two 
opposite corners. The bottle may be vent- 
ed through tubing which extends above the 
liquid surface. 

When the bottle is lowered in inverted 
position, the pinch clamp on the vent line 
is closed. When the desired sampling level 
is reached, the pinch clamp is released, so 
that the floc containing liquid slowly en- 
ters the bottle as the air is released. When 
the bottle is full it is rotated and then 
raised to upright position with the pull 
chain. 

Through use of this apparatus, floccu- 
lated samples from any liquid depth may 
be collected. The breaking up of flocs, 
such as occurs when samples are pumped 
or taken by means of a small mouthed bot- 
tle, is avoided. 


EVE SCREW 
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the authors at Ypsilanti, Mich., was per- 
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similar device earlier developed at the 
Howard Bend Purification Plant at St. 
Louis, Mo. 
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*Contributed by A. J. Fischer and A. Hill- 
man, The Dorr Co., New York City. Printed 
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Properties of Chlorine 


Chlorine is never found free in nature. Gaseous chlorine is 
manufactured by the electrolysis of a sodium chloride solution. 
It is then purified and liquefied by a process of compression 
and refrigeration. As an article of commerce, chlorine is an 
amber-colored liquid approximately one and one-half times as 
heavy as water. It is marketed in steel containers which are 
under pressure. In Fig. 1 is shown the relation between tem- 
perature and vapor pressure. 

When the pressure is released, liquid chlorine volatilizes into 
a greenish-yellow gas which is approximately two and one-half 
times as heavy as air. Chlorine is non-inflammable, non-explo- 
sive, and a non-conductor of electricity. Generally speaking, 
in the absence of moisture it is not corrosive to common metals. 
In the presence of moisture gaseous chlorine reacts avidly with 
a majority of known substances. 

Following is listed the more important chemical and physical 
properties of chlorine at standard conditions (32° F. and 1 atm. 
pressure) unless otherwise noted: 

Molecular 


3 
70.¥14 
Liquid Chlorine 
1.47¢ (water = 1) 
.70 Ib 


Atomic 
Chemical Symbol for Chlorine.... Cl 
Chemical Weight Relationship... 35.40% 
Gaseous Chlorine 
2.49° (air = 1) 
0.201 Ib. 91 


Specific Gravity 
Weight per Cubic Foot... 


Volume per Pound ...... 4.98 cu. ft. 0.011 cu. ft. 
aaa Te 0.2230¢ 
Se Se ccdeseaceeeewses an — 28.5° F.f 
Tt De cs ee ceee ee CUOERN OKO sé e ORO —151.6° F.z 
Latent Heat of Evaporation ............ 121.0 B.t.u.t 
Se PO weduedeveveneceeees 294.8° F.t 


1233 lb. per sq. in. 
456 vol. gas 


Pressure at Critical Tenmiperature ......... 
Bp. 8 Pree 





*Leduc *Kneitsch tLange 











TEMPERATURE-PRESSURE CURVE 
OF 
LIQUID CHLORINE (Knietsch) 











7 









































Goge Pressure —Pounds per Squore Inch 

















































































































Temperoture Degree: fohrenhe! 


Fig. 1—Relation between Temperature and Vapor Pressure 
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LIQUID CHLORINE* 


VOLUME-TEMPERATURE RELATION 
OF 
LIQUID CHLORINE CONTAINERS 


Per Cent Liquid Volume 





Temperoture—Degrees Fahrenheit 
Fig. 3 


SOLUBILITY OF CHLORINE 
IN WATER (Winkler) 


Per Cent Chlorine 





Temperature —Degrees Fahrenheit 


Fig. 4 


A better visualization of those properties which are more serv- 
iceable can be obtained by studying the following charts and 
tables. 

The compressibility coefficient of liquid chlorine is more than 
that of any other liquid element (approximately 0.0118% vol 
/atm.). Its density decreases quite rapidly with increasing 
temperature. It is obvious from an examination of Figure 5 
that above 156° F. a cylinder loaded to legal limits is subjected 
to hydrostatic pressure which will rupture it. Therefore, it is 
most important that the cylinder be kept safely below this tem- 
perature in any circumstances. 

Chlorine is only slightly solub!'e in water. As depicted by 
Figure 4, its maximum solubility in distilled water is approxi- 
mately 1% at 49.2° F. Below that temperature chlorine crys- 
tallizes in the form of chlorine hydrates, their composition de- 
pending upon conditions. 


Liquid Chlorine Containers 


Cylinders 
Cylinders for shipping liquid chlorine by express, less carload, 
or box carload freight, are of various sizes ranging from 10 
pounds net to 150 pounds net. 
WEIGHTS OF 100 AND 150-LB. CYLINDERS 


Re SND we cca beddeus creeaws's vee 100 pounds 150 pounds 
Average Tare Weight ...........e006. 93 pounds 123 poundr 
Average Gross Weight .............. 193 pounds 273 pound 


Minimum carloads comprise one hundred and fifty 100-pound 
cylinders or one hundred and eleven 150-pound cylinders. 

Figure 6 illustrates the standard chlorine cylinder valve de- 
signed by the Chlorine Institute and now used by nearly all 
chlorine shippers. The stem “A” is of Monel metal and one 
complete turn in a counter-clockwise direction opens the valve 
so as to permit the maximum discharge of gas. A “frozen” 





*From a bulletin on “Liquid Chlorine,” prepared and distributed 
by Pennsylvania Salt Mfg. Co., March, 1936. 
*From “Liquid Chlorine.”” a Pennsylvania Salt Mfg. Co. bulletin. 
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an usually be freed by slightly loosening the packing nut 
C” tapping the top of the stem lightly, and then giving the 
alve wrench a sharp rap with the palm of the hand. The body 
3 ‘; a bronze and all connections to it are tightened by turn- 
@ in a clockwise direction. Gas leaks around the stem can 
m6 shecked by tightening the packing nut. Under no circum- 
yt tamper with safety plug “D.” It is below the valve seat 
ood therefore, cannot be controlled by the valve. Fusible metal 
ig this plug softens at temperatures exceeding 157° F., hence 
ylinders should never be exposed to such temperatures for even 
jport durations. ' 

The valve outlet threads are standard 34-inch hose coupling 
hich an auxiliary valve (containing a fiber or lead gasket) 
be connected. However, these threads are bronze and are 
asily damaged. The clamp and adaptor - 
shown in Figure 7 is the more practical 
type of connection. 


Handling Cylinders 

The handling of cylinders requires no 
expensive equipment. It is preferable 
that they be transported and stored in 
an upright position. Light, rubber-tired, 
twoowheeled trucks are convenient for 
moving them on level floors. Where 
glinders have to be lifted above the 
ground floor a crane, or hoist, equipped 
with a special cradle, or carrier, should 
be provided in the absence of an elevator. 


The maximum discharge rate of chlor- 
ine gas at 70° F. is approximately 35 
pounds per 24 hours for a 100- and 150- 
pound cylinder. This rate may be in- 
creased by improving the circulation of 
air around the cylinder, or by raising the 
temperature. Under no_ circumstances 
should the application of heat be made 
directly to the fusible plug. The prac- 
tical method of heating cylinders is by 
means of a thermostatically controlled 
water bath in which the temperature is 
limited to 100° F. Even this procedure 
is questionable if used in conjunction with 
a chlorinator because uneven tempera- 4 
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ee 


tures prevail which in turn cause con- 10° —— 
densation difficulties. Where chlorine is 
used in equipment operating under cylin- k-— 04— 


der pressures, it is essential that the 
cylinder temperature be no higher than 
that of the gas lines or chlorinator. 
Otherwise condensation will certainly oc- _. ee : 
cur with attending operating irregulari- /i9- S—Various Sizes 
ties. (See Fig. 9.) of Cylinders 

As soon as the cylinder is emptied, suction is set up tending 
to draw water and foreign matter back into the cylinder. This 
has caused several cylinder failures which could have been 
avoided by closing the cylinder valve as soon as the cylinder is 
empty. 


Cross Section of 100- and 
150-Pound Cylinders 


Multiple Unit Tank Cars—Ton Containers 


The multiple unit tank car is adapted for large chlorine con- 

sumers who desire a more flexible unit than the standard chlo- 

rine tank car. It consists of an un- 

derframe carrying 15 one-ton 

USE SPECIAL drums. Classed as a tank car, the 

Voahen sine. underframe and units are subject 

PACKING NuT. to free freight movement both 

AND OUTLET ways, freight being assessed only 
CAP. ALL On the net contents of the car. 












4 
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FUSIBLE PLUG CLOCK- Each of the unit containers holds 
SeIWeEN wise. 2000 pounds of chlorine. This ship- 


ping container is authorized by the 
Interstate Commerce Commission 
for common carrier movement only 
as an integral part of a fifteen unit 
car. Multiple unit and tank cars 
may be consigned only to private 
sidings, or to approved public sid- 
ings. (Par. 431B I. C. C., Regula- 
tions as amended 1933.) Where un- 
loading conditions are ideal it is a 
Fig. 6—Cross Section of useful package of chlorine because 
Standard Cylinder Valve its units are of such size as to per- 


SPECIAL 3/4” 
STRAIGHT 
THREAD 


152° F-162° 
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mit reasonable movability yet not requiring the frequent changing 
necessary when using small cylinders. 

Each container is equipped with 2 valves, 2 internal eduction 
pipes, 3 fusible (157° F.) safety plugs in each end, and a re- 
movable valve hood. The valves are identical with the standard 
cylinder valves, except they are provided with larger internal 
valve openings and are not fitted with safety plugs. 

Multiple unit tank cars are not recommended for plants using 
less than 200 pounds of chlorine per day. 


Handling Ton Containers 

Due to the size and weight of ton containers, special equip- 
ment is required for unloading and transporting to storage or 
service rooms. Stationary or movable cranes, travelling over- 
head rail hoists, trucks, and dollies have been employed to meet 
the peculiar needs of individual plants. Some type of lifting 
rig is necessary for use with cranes or hoists. 





t 
- Adaptor 
Fig. 7—Clamp and Adapter 


Containers are more easily handled and serviced from a prone 
position. Before servicing the container should be rolled or 
adjusted so one valve is directly above the other as shown in 
Figure 12. In this position, liquid chlorine may be discharged 
from the bottom valve and gaseous chlorine from the top valve. 
Some plants concerned only with the application of gaseous 
chlorine prefer to up-end the containers for storing and serv- 
icing, which procedure produces material saving in floor space. 

The clamp and adaptor connection previously illustrated is 
recommended as the most practical and flexible connection for 
container valves. Wrenches for operating these valves should 
never be longer than seven inches. 

Four hundred and twenty pounds per 24 hours is approxi- 
mately the maximum rate of gas withdrawal for a ton-container 
at 70° F., operating against 35 pounds per square inch back 
pressure. This rate may be increased by improving the air 
circulation around the container, or by raising the room tem- 
perature. Ton containers should never be subjected to the direct 
application of heat because of the danger of melting the fusible 


plugs. 


Single Unit Tank Cars 

Single unit chlorine tank cars are of two sizes, holding ap- 
proximately 32,000 and 60,000 pounds of chlorine each. Located 
in the dome are two liquid withdrawal valves on the longitu- 
dinal axis, two gas valves on the transverse axis, and a safety 
valve. Each liquid eduction pipe is fitted with a vertically act- 
ing ball check which stops the flow of liquid chlorine from the 
car in case of unloading line breakage, sudden opening of valve, 
or very heavy withdrawal rates. 

The withdrawal of gaseous chlorine from any liquid chlorine 
container causes refrigeration and subsequent pressure reduction 
in the container. This effect is markedly increased by the cork 
insulation on single unit tank cars, and consumers purchasing 
their chlorine requirements in single unit tank cars may find it 
necessary to use liquid chlorine vaporizers on their operation 
requiring chlorine gas. Vaporizers usually employ hot water 
or steam as their heat sources, and may be equipped with either 
open or closed jackets. 


Piping and Fixtures 

A copper tubing built for 500 pounds per square inch work- 
ing pressure is the preferred material for connecting all chlorine 
containers to permanent pipe lines. 


Dry Chlorine 

Black iron pipe is recommended as the preferable material for 
dry gaseous or liquid chlorine, although steel, copper, or other 
metal piping which will resist —_ pressures may be used. 
While standard weight pipe is satisfactory for all normal chlo- 
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Fig. 9—Condensation Difficulties Caused by Uneven Temperatures 


rine pressures, the extra heavy variety is recommended as safer 
and more practical since abnormal temperatures caused by fires, 
mechanical strains due to displacements, and corrosion produced 
by the entrance of moisture are all factors which should be 
considered. Liquid chlorine lines should be as free from bends 
and obstructions as possible. Where maximum discharge rates 
or lifts are required, pipe friction losses should be reduced by 
l 3%4 inch or more in diameter. 


using lines of 

Hard rubber pipe is satisfactory for chlorine gas, but should 
never be used for conveying liquid chlorine. Pressure should 
not exceed 50 pounds and 80 pounds for the standard and extra 
heavy hard rubber pipe respectively. Lines conveying gaseous 


chlorine should be run on a continuous upgrade in order that 
condensed (re-liquefied) chlorine will run back into the con- 
tainer. Where this is impractical, drip legs should be provided 


in the low points of the pipe line. These legs should terminate 
in pockets which will assure evaporation of the liquid chlorine. 
Blow-off cocks or other bleeding arrangements are not recom- 
mended since they are both dangerous and unnecessary. 

Pipe joints may be made with standard couplings, unions, or 


flanges. Standard ammonia flanges are preferable, since their 
use permits easy inspection and repair to lines. Gaskets should 


be of lead or asbestos composition. Only special. valves for 
chlorine service should be employed. Usually, the body is of 
steel or — bronze, and the stem is of Monel metal. Graphite 


coated asbestos and rubber covered asbestos are recommended 
for packing. Flanged valves are preferable. Gauges should be 
of the diaphragm type for chlorine service. Equipment and 
lines carrying dry chlorine should not be exposed to excessive 
heat. 


Wet Chlorine 


Wet chlorine is very corrosive to all of the common metals. 
Materials contacting it must be of earthenware, glass, rubber, 
one of the special alloys, or noble metals. The handling of wet 
chlorine is an individual plant problem and specific recommen- 
dations can be made only after a survey and study of the vari- 
ous factors involved. 
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Employee Protection 
l. 





Every person whose duties may cause exposure to chlorine 
should be provided with a gas mask of a design approved by 
the U. S$. Bureau of Mines for chlorine service. Any canister 
gas mask is unsafe when chlorine concentration in the air 
exceeds one per cent (1%) or when the oxygen content is 
less than sixteen per cent (16%) by volume. In such cases 
oxygen breathing apparatus is required. 

Individual gas masks should be provided and spare gas masks 
and canisters available in case of emergency. Complete famili- 
arity with the mask and its maintenance is essential. A BAD 
GAS MASK IS WORSE THAN NO GAS MASK. 
Periodic strict inspection and maintenance of approved gas 
masks are essential. Frequent drills in the use of gas masks 
are advisable. 

Daily inspection of all loaded cylinders, ton containers, or 
tank cars is advisable in order to avoid developing a major 
leak. A small leak detected in its early stages can usually be 
stopped by immediate attention. 
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Fig. 12—Cross Section of a Ton Container 
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-_ 
Leaks ’ A Poe ; 
When the odor of chlorine indicates a leak, authorized per- 
" sons equipped with gas masks should immediately investigate. 
All other persons should leave the affected area. 


we 


6, Locating Leaks—Wrap a rag on a stick and soak it in am- 
. moniia water and swab the suspected points. A white smoke 
will show the point of leak. 

Stopping Leaks—Shut off the chlorine supply if the leak is 
, found in the pipe or equipment. All chlorine container valves 
close clockwise. 


If the container leaks, move it outdoors or, in the case of 
4 tank car, to the point on the consumer’s private tracks 
where it will do the least harm. Leaking containers and tank 
cars will not be accepted by railroads or other carriers for 
shipment. 

Leaks around valve stems may be stopped by tightening 
packing nuts. All standard chlorine valve packing nuts tighten 
clockwise. The construction of the valves is shown on this 
sheet. 

Keep the head high (chlorine is heavie: than air and seeks 
the lowest possible level). Keep to the windward side of'a 
leak. 
i], All leaks may be lessened by lowering the pressure in the 
container by withdrawing chlorine gas as rapidly as possible. 
If the consumer’s process will not take the gas rapidly enough, 
an absorber may be made quickly in a barrel or suitable tank 
by dissolving 25 pounds of flake or solid caustic soda in 10 
gallons of water. One and one-quarter pounds of caustic soda 
will he needed for each pound of chlorine absorbed. The 
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chlorine gas is passed into the solution through a rubber hose 
or iron pipe. 

Water played on a chlorine leak will not stop the leak. Water 
played on a leaking tank car always makes the leak worse. 
it will never dimish it. 


What to Do in Case of Accidents 


13. 


14, 
i 


10. 


20. 


Carry patient from gas area. Patient should preferably be 
kept in a room at about 70° F. Supply blankets if necessary. 
Keep patient warm and quiet. Rest is essential. 

Place patient on back with head and back elevated. 

Call the physician immediately. 

Splashes of liquid chlorine and chlorinated water destroy 
clothing, and if such clothing is next to the skin will provide 
irritation and acid burns. In such cases remove clothes and 
keep patient warm with blankets. 

Give carbon dioxide and oxygen mixture which does not ex- 
ceed 7% carbon dioxide. This mixture, already prepared, and 
sold with the necessary apparatus, can be administered inter- 
mittently for periods of two minutes followed by a two- 
minute rest over a total period not to exceed thirty minutes. 
Instructions of the purveyor of the gas apparatus should be 
carefully obeyed. 

Milk may be given in mild cases as a relief from throat 
irritation. 

If breathing has apparently ceased, start immediately the 
artificial prone pressure method of resuscitation (Shafer). 
Do not exceed 18 movements per minute. 

Provide first aid as may have been prescribed for emergencies 
by your company physician pending his arrival. 





Safety Cylinder Handling Carriage 


The accompanying pictures and detail sketch illustrate a novel, 
eficient and inexpensive carriage for transport of cylinders con- 
taining chlorine, ammonia or other compressed gases. 

The device was designed and constructed from the wheels 
and front axle of what was once a Model “T” Ford automo- 
bile. Its ease of handling is self evident and its use saves many 
a “weak back” and avoids dangers of injury io the “strong 
men” around water and sewage plants. 

To Edward J. Jenkins of the Philadelphia Suburban Water 
Company, Bryn Mawr, Pa., we are indebted for the illustrations 
of this unique cylinder truck which was developed in the above 
plant under his supervision. 





In Position Ready to Ride 
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Model “T” Cylinder Carriage 


Unique Carriage Designed for Cylinder Handling at the Water 
Purification Plant of the Philadelphia Suburban Water Co. 
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CHARACTERISTICS OF NATURAL WATERS 


By CARL WILSON 


Consultant in Water Treatment 


Los Angeles, California 


HE various characteristics which water manifests are due to 

its dissolved substances. hence a knowledge of them is of 
great importance to man. Besides these non-living substances all 
natural waters also contain living bodies, both vegetable and ani- 
mal, and practically all of those changes in the character of 
water which produce spoilage are due to their activities. 

In the following paragraphs an attempt will be made to briefly 
outline the outstanding effects upon water which are due to the 
principal constituents of the dissolved mineral load. Because 
water spoilage and the growths which give rise to it are of such 
vital importance to the water works operator special considera- 
tion will be given to the biological significance of several of these 
constituents. 


Magnesium and Calcium Salts 


Magnesium and calcium salts may be taken up first and dis- 
cussed together, for they possess much in common. Both are 
abundant in the earth’s crust, and both are readily soluble in 
water that contains carbon dioxide, which practically all water 
does. These elements are generally present in the form of bi- 
carbonates, but sometimes they are combined as sulphates, and 
in some ground waters small amounts are present as chlorides. 
probably as a consequence of base exchange action exerted by 
soils. 

In whatever form they may be present, salts of calcium and 
magnesium impart to water the property known as “hardness.” 
Hard waters are undesirable for domestic use, and also for some 
industrial applications, because the calcium and magnesium react 
with the fatty acids of soaps to produce insoluble calcium and 
magnesium soaps which have no cleaning value and which float 
in the water as curdy flakes. So much soap is consumed in this 
way before a lather can be produced that hard waters are ex- 
pensive to use. In addition there is the annoyance caused by the 
difficulty of washing the curdy material out of fabrics. 

When hard waters are used for steam making they deposit 
their load of lime and magnesia upon the boiler tubes in the 
form of hard or soft scale. This coating not only wastes large 
amounts of fuel but causes the tubes to burn out through over- 
heating. To improve hard waters for domestic and industrial use 
they must be softened, a proceeding which will be referred to 
again in a later paragraph. 

For agricultural purposes calcium and magnesium are wel- 
come constituents, and every irrigator hopes the water he uses 
may contain them in greater quantities than it does sodium and 
potassium, for salts of these latter bases cause “alkali” damage 
to soils and crops, while salts of the first two not only cause 
no such trouble, but may be made to rehabilitate a soil which has 
already been damaged by alkali. 


Sodium and Potassium 


Sodium and potassium are present in all waters. However, the 
potassium is so small in amount that it may generally be ignored 
and sodium regarded as the only alkali. In fresh waters, ex- 
cept those which are properly described as “alkali” waters, sodium 
is less in amount than calcium, the order of abundance being 
calcium, magnesium and sodium, while in sea water the order is 
exactly reversed, sodium being dominant and magnesium holding 
second place. In waters other than those intended for irrigation 
and some industrial uses sodium salts cause no trouble unless 
they are present in sufficient quantity to be perceptible to the 
taste, cause foaming in boilers or interfere with industrial proc- 
esses, including laundrying. 
esses, including laundering. 

The acid radicles with which the bases are in equilibrium de- 
mand careful attention, for in some respects they seem more 
troublesome and more active than the bases. Six of them will be 
discussed here, viz., carbonate, bicarbonate, chloride, sulphate, 
nitrate and phosphate 


Carbonate, Bicarbonate and Carbon Dioxide 


The carbonate radicle consists of one atom of carbon united 
to three atoms of oxygen, and is represented by the chemical 
symbol COs;. It owes its characteristics to the carbon atom, as 
will be readily seen when we realize that if for the atom of 
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carbon we substitute an atom of sulphur we have the sulphit 
(SO:) radicle. Carbon makes carbonates just as sulphur aahe 
sulphites and sulphates and nitrogen makes nitrates, represented 
respectively by the symbols COs, SO:, SOs and NOs. In 

ways this carbon in carbonates is the most important element 
dissolved in water, especially in its effect upon the biology oj 
water, but also as it affects certain aspects of water treatment 
It occurs in water in three forms, viz., free carbon dioxide (C0,) 
in the carbonate radicle (CO;) and in the bicarbonate radicle 


(HCOs). 


Carbon dioxide (CO:) is a colorless and almost tasteless gas 
which occurs as a hy-product of metabolism, and is given off by 
aligliving things. It is produced in great quantities in lakes ang 
streams wherever organic matter is being broken down unde 
bacterial attack. Irrigation water percolating through the soi) 
of cultivated fields carries this gas in solution to the subterraneay 
reservoir to be pumped back to the surface from our wells. There 
are also deep sources of carbon dioxide from decomposing organic 
deposits laid down ages ago. 


When it is dissolved in water carbon dioxide behaves in every 
way as though it had taken up the elements of water to form 
carbonic acid (CO; + H:O = H:COs), but carbonic acid has 
never been isolated in its natural state, and is known only in its 
compounds. Acting as an acid it combines with bases to form 
two classes of salts, viz., normal (or mono-) carbonates, such as 
calcium carbonate (CaCOs), and bicarbonates (known as acid 
carbonates, since they retain one or two unreplaced hydrogen 
atoms), of which calcium bicarbonate Ca( HCOs), is typical. The 
bicarbonates of calcium and magnesium are readily soluble in 
water, while the corresponding norma! carbonates are only spar- 
ingly soluble as such, but, and this is very important in water 
works practice, in the presence of free carbon dioxide (carbonic 
acid) these carbonates take up a molecule of carbonic acid and 
are converted into bicarbonates, so their solubility is a conditional 
characteristic dependent upon the environment. 


Carbon is to be described as a “labile” element, for it moves 
readily from combination to combination, and in the living or- 
ganism as well as in its by-products it migrates so regularly and 
easily that we speak of the “carbon cycle.” Particularly in 
stored waters, but also to a lesser degree in ground waters, car- 
bon is constantly. moving around its cycle as it plays its role in 
the drama of life. To realize more fully the importance of this 
we have but to remember, that the manufacture of all food for 
the use of all living things, including man, starts with the link- 
ing of carbon dioxide and water which are built up into sugars 
and starches through the energy of sunlight acting upon chloro- 
phyll in the cells of a green plant. All plants in water, includ- 
ing the plankton algae, are engaged in this task of manufacturing 
the primary food supply of the entire aquatic population. They 
first utilize the dissolved free carbon dioxide, but when this is 
exhausted they are able to indirectly release and use the half- 
bound carbon dioxide in bicarbonates, which are consequently 
changed to normal carbonates and removed from solution. In 
some instances this process has been observed to go so far in 
lakes as to result in a reduction of the total hardness by as 
great an amount as ten parts per million. It is interesting to note 
that if we could thus remove all the free carbon dioxide and con- 
vert all the bicarbonates to normal carbonates and maintain this 
condition (an impossibility) we would have no plankton algae to 
cause color, odor and taste in our water, for they would all starve 
to death for lack of available carbon. In this process of break- 
ing down the bicarbonates to carbonates the pH value of waters 
have been known to be increased to 10.5 which is verging on 
causticity. At this point most of the algae die rapidly. 


The carbonate radicle constantly comes into play in waters, 
and is a great aid in water treatment. To destroy growths of 
algae it is convenient to apply copper sulphate to water in reser- 
voirs, using an amount seldom in excess of one part per million 
When this is done the copper salt at first dissolves, but very 
quickly it reacts with the carbonate radicle to form a carbonate 
of copper which is insoluble and which settles out completely ™ 
a few hours, leaving the water copper free. The same reaction 
is helpful where copper pipes are used to carry water, for the 
carbonate radicle makes unlikely the occurrence of copper pois0t- 
ing as it prevents copper from remaining in solution. If there 
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no carbonates present this metal would remain in solution 
v jeinitely and poisoning might result. 


Chlorides 


oride in potable waters is usually a minor constituent, al- 
sometimes it may amount to 100 or 200 parts per million, 
» which concentrations it may be troublesome in waters which 
put to certain industrial uses. The threshold value at which 
a Wadicle becomes perceptible to the taste is usually stated to 
250 parts per million. 


Chl 
though 


sulphates 


The sulphate radicle (SOx), when present in high concentra- 
‘on, especially if in equilibrium with sodium (forming Glauber’s 
git) or magnesium (Epsom salt) is likely to give water a laxa 
ve reaction. When it is in combination with calcium or mag- 
sium it confers that property known as “permanent” or “non- 
arbonate” hardness, a condition which affects the choice of 
methods for softening treatment. 

The essential element in the sulphate radicle is sulphur, which 
exhibits a “cycle” comparable to that of carbon. It is one of 
the elements which is indispensable to life and for this reason 
it is of great importance in the biology of water. It is quite as 
bile as carbon. Under the action of living organisms it passes 
readily from the elemental form to sulphuric acid, to sulphide 
and sulphate, and quite as readily reverses its path at any point 
in the cycle, hence it is not surprising to find it playing unex- 
sected tricks to embarrass the unwary plant operator. When 
water containing considerable organic matter and sulphates (the 
amount of the latter radicle does not greatly affect the condi- 
tion) is held in closed pipes so long that the dissolved oxygen 
becomes exhausted, then certain types of bacteria, which seem 
never to be missing, will attack sulphates for the purpose of 
liberating oxygen to satisfy their metabolic need, and sulphide 
; produced as a by-product, causing spoilage. If hydrogen sul- 
shide is present it is likely to foster growths of an organism 
alled Beggiatoa, which is unable to flourish except in the pres- 
ence of this gas, and Beggiatoa in turn reduces the hydrogen 
sulphide to elementary sulphur, which may next be oxidized to 
siphuric acid by other common bacteria. This acid then re- 
acts with carbonates to form sulphates with the release of free 
carbon dioxide, and so these cycles roll onward, wheels within 
wheels, which turning reciprocally give rise to alternate life and 





feath in the cycle of living organisms. Hydrogen sulphide in 
lead ends of distribution systems is indicated by “black-water”’ 
and vile odor when mains are flushed 


The Cycles Go On 


One of the fundamental laws of science which water works 
perators must ever remember teaches that matter can never be 
lestroyed; we can so greatly change its form that it may be 
wrecognizable to our senses, o we may tear its atoms asunder 
and dissipate them as smoke and ashes, but that matter still 
exists and it will later return in some new form which may be 
ven more noisome. When we have once gotten rid of some 
biectionable substance, or compound, or organism, we must re- 
main on guard lest, rising from its ashes, like the Phenix of old. 
it may haunt us anew, for the cycles which make life possible 
as well as the cycle which is life itself can be slowed down, 
but they cannot be permanently stopped. Successive plankton 
pulses follow each other throughout the year, each deriving part 
or all of its food from the degradation products of its predecessor. 


Nitrates and Phosphates 


Nitrates (NO:) and phosphates (PO,), are usually found in 
but small amount in unpolluted waters, but their biological im- 
portance is great, for both are essential plant foods, readily 
available to promote excessive developmem of plankton algae, or. 
worse still as far as odors and tastes are concerned, they support 
troublesome growths of bacteria. The nitrogen “cycle” is quite 
a vital to life as that of carbon or sulphur. The subtle causes 
which underlie the appearance of plankton “pulses” in lakes and 
reservoirs are believed to center in the limiting values of these 
wo radicles, and in Europe considerable research has been 
airected toward the elucidation of this problem. 


lon and Manganese 


_lron and manganese, two closely related metals, are sometimes 
‘ound in troublesome quantity in surface waters, especially those 
‘contaminated by mine drainage or industrial wastes. More com- 
monly either or both may be present in material amount in 
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ground water, where they cause much trouble if water is to be 
used for domestic or industrial purposes. Water containing these 
metals is usually clear and sparkling as it comes from the ground, 
but after exposure to the air the metals become oxidized which 
renders them insoluble and they then cause the water to appear 
opalescent and later dirty owing to the separation of the oxides 
in flecks and masses. Such waters cause stains on clothes washed 
in them and upon plumbing fixtures. They also promote trouble- 
some growths of an organism known as Crenothrix which may 
grow so abundantly in pipes as to greatly reduce their carrying 
capacity. lron and manganese waters are common in Southern 
California and Crenothrix growths have been encountered in 
many of our large supplies. Both of these metals should be re- 
moved from water before it is admitted to pipe systems. Due 
to corrosive attack upon the pipes iron often causes trouble in 
a distr:bution system carrying water which at its source was iron 
free. 


Borates and Fluorides 


Boron is a metal which is found in small quantities in some 
waters but which is of little importance except when water is 
used for irrigation. When present in quantities exceeding 0.75 
part per million, measured as elementary boron, it is likely to 
injure lemons and some other crops. 


Fluorine is another troublesome element in waters in some 
localities. When present in water used by children, before the 
advent of their permanent teeth, this radicle causes an unsightly 
affliction of the teeth known as mottled enamel. The threshold 
value above which enamel damage is expected to appear is placed 
at 1.0 part per million of fluorine in the form of fluorides. 


Treatment 


The treatment accorded water to enhance its value for human 
use varies from simple settling to remove suspended matter to 
elaborate dosage with several different chemicals, aided by me- 
chanical mixing, followed by retention to permit chemical re- 
actions to reach completion, filtration to remove the products of 
reaction and final adjustment to stabilize the character of the 
finished water. Aeration is employed to remove odor, carbon 
dioxide, hydrogen sulphide, as well as iron and sometimes man- 
ganese. Coagulation with such chemicals as aluminum sulphate, 
sodium aluminate, ferric chloride, ferrous sulphate, etc., is em- 
ployed to remove suspended matter which is so fine that it will 
not settle out, and filtration is used to remove the “floc” formed 
by the coagulant and with it most of the bacteria. Sterilization 
(the word is commonly employed, but it should be understood 
that it is a misnomer, as the resting stages of bacteria and other 
organisms are not destroyed) with chlorine, or sometimes by 
ozone or ultra-violet rays, is used to remove all trace of disease- 
producing organisms which might be present in the raw water. 
Activated carbon, in powdered and in granular form, is employed 
to remove objectionable odors and tastes. 


Softening is generally accomplished by the addition of quick 
lime or hydrated lime to remove the carbonate hardness, and of 
sodium carbonate (soda ash) to remove the non-carbonate hard- 
ness. The soda-lime process obviously cannot reduce hardness 
below the sclubi'ity of calcium carbonate and magnesium hy- 
droxice, « value which is in the neighborhood of 60 parts per 
million expressed as calcium carbonate (CaCO;), depending on 
the pH. 


Softening can also be effected by filtering water through beds 
of zeolite, which is a complex nydrated aluminum silicate that 
contains sodium loosely linked into its molecule. Calcium and 
magnesium in the hard water replace the sodium in the silicate 
and in this way water of zero hardness can be readily produced. 


After a certain volume of water has been softened the zeolite 
becomes saturated with calcium and magnesium and can do no 
further work until it has been regenerated. This is accomplished 
by treating the zeolite with a strong solution of salt (sodium 
chloride) during which the sodium displaces the calcium and 
magnesium which are washed out into the brine. Zeolite soften- 
ing has no effect upon the acid radicles as ordinarily practiced, 
but there is now available an exchange material which will effect 
the removal of carbonates and other acid radicals. 


For a presentation of treatment plant operation and control, 
the writer wishes to urge all students of the subject to secure 
a copy of one small book which he considers the very best brief 
treatise of water purification, and one which is expressed in sim- 
ple and direct language. It will answer most of your questions. 
The book is “Water Supply and Treatment,” written by Charles 
P. Hoover, the leading exponent of water softening in America. 
It is published by the National Lime Association, Washington, 
D. C., as Bulletin No. 211, for distribution at 50 cents per copy 
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INTERPRETATION OF CHEMICAL ANALYSES OF WATER 


By JAMES M. MONTGOMERY 


Hoover and Montgomery, Consulting Engineers 
Columbus, Ohio 


ATER works men are continually being confronted with 

results of chemical analyses of waters and not infrequently 
are puzzled as to what the figures mean. It is hoped that the 
following will be helpful in interpreting and understanding such 
analyses. 


Expression of Results 


In the United States, the results of chemical analyses of water 
are expressed usually either as parts per million or as grains per 
gallon. One part per million is equivalent to one unit of weight 
of the substance being reported in one million units of water; as, 
for instance, one pound of the substance in one million pounds of 
water. Since one gallon of water weighs approximately 8.3 
pounds, one part per million is equivalent to 8.3 pounds of sub 
stance in one million gallons of water. One grain per gallon 
means that each gallon of water contains one grain or 1/7000 
of a pound of the substance being reported. One grain per 
gallon is equivalent to 17.1 parts per million or 143 pounds per 
million gallons. 

TABLE 1 


Equivalents — ——. 


Grains per Parts Pounds pet 
U.S. per million 
Unit gallon million gallons 
1 grain per U. S. gallon.. 1.0 17.1 143 
1 part per million........ 0.058 1.0 83 


At one time analytical results were expressed quite generally 
in grains per gallon. The American Public Health Association 
in its publication, “Standard Methods for the Examination of 
Water and Sewage,” however, recommends that results be ex 
pressed in parts per million and the recent trend has been in 
that direction. In the treatment of water the dosages of chemi- 
cals employed are expressed in grains per gallon added, although 
modern trend is toward the use of lbs./m.g. for all chemicals 
involved. 

Analytical results may also be expressed in terms which are 
readily understood chemically. The chemical formula or the 
name of the compound in terms of which each substance or 
radical is reported, should be given. For instance, if magnesium 
is reported as: magnesium hardness = 50 parts per million, it 
is difficult fo determine immediately just how much magnesium 
the water contains. If, however, magnesium is reported as: 
magnesium hardness (expressed as CaCO:) = 50 p.p.m., it is at 
once apparent that magnesium is present in an amount mole 
cularly equivalent to 50 p.p.m. of calcium carbonate (CaCO:) 
Onlv those results which are properly and completely reported 
can be properly interpreted 


Judging the Sanitary Quality 
of Water from Chemical Results 


Before about 1890, it was customary to attempt to judge the 
sanitary quality of water from chemical analyses. Since the 
development of bacteriological methods, however, chemical 
analyses have been little used for this purpose except as a check 
or for comparative purposes. The substances determined and 
their significance from a sanitary standpoint will now be dis- 
cussed briefly. 

Four different forms of nitrogen are determined for a sanitary 
chemical water analysis. It is known that the nitrogen present 
in fecal matter is in the form of protein and that, starting from 
that form, the nitrogen goes throuch a cvcle of changes whereby 
it is converted first from the protein or all id ammonia form 
called free ammonia (mineral ammonia), then to nitrite 
and finally to nitrate. The total amourt of nitroven, properly 
valued, indicates the extent of fecal pollution, and the relative 
amounts of the feur forms of nitrogen indicate the extent to 
which oxidation has proceeded. Nitrates, however, may come 
from mineral deposits and alone have no sanitary significance 

The amount of oxidizable organic matter in water is indicate‘ 
properly valued. the latter also indicates the presence of organi 
pollution, but is a better indicator of industrial waste pollution 
than of sewage pollution. 

Chloride is present in many waters, usually as sedium chloride. 
itself is harmless however, sewage contains a 
relatively large amount of chloride, anv unusual increase in the 
chloride content of a water may he evidence of pollution. 

Turbidity indicates the presence of suspended matter and may 
be either organic or inorganic. In order to meet U. S. Treasury 


umn 


to so 


Since, 


and in 


Department Standards for Drinking Water, turbidity must 
exceed 10 (silica scale) and in general it should not exceed ‘tg 

As a measure of the sanitary quality of water, the aboy 
chemical analyses are of most value when used for comparative 
purposes. If these analyses are made as a matter of ree 
and the normal content of each for the water in question is wa 
known, an increase above the normal might well be considered 
to indicate sewage pollution. Of greatest value are these tests in 
conjunction with well waters. , 
Alkalinity: 

Alkalinity in water is determined by titrating a sample With 
N/50 acid using two indicators, phenolphthalein and methy: 
orange and is reported in terms of calcium carbonate. Bicarhy. 
nates, normal carbonates, and hydroxides, are the three types 4 
compound which produce alkalinity in water and by using hoy 
phenolphthalein and methyl orange indicators, it is possible t 
determine how much of each type of alkalinity is present, 

Methyl orange measures all of the alkalinity, bicarbonate 
normal carbonates, and hydroxides. Phenolphthalein measure, 
none of the bicarbonates, but does half of the normal carbonate; 
and all of the hydroxides. If phenolphthalein indicator js adda 
to a solution containing only bicarbonate alkalinity, the solutiog 
remain colorless. If added to a solution containing only 
normal carbonates the solution will turn red and, when titrated 
with standard acid, the end point to phenolphthalein will } 
exactly half way to the end point to methyl orange. This js 
because each milli-liter (ml.) of titrating acid releases an equiva. 
lent amount of carbonic acid which affects phenolphthalein the 
same as the titrating acid. If phenolphthalein is added to a soly. 
tion containing only hydroxides, the solution will turn red an 
the end point to phenolphthalein will be exactly the same as the 
end point to methyl orange. If some of both normal carbonate 
and hydroxide are present the phenolphthalein end point will he 
somewhere between the two extremes cited. 

Most natural waters contain bicarbonates only and normal car- 
benates and hydroxides are*usually produced by lime treatment, 
The phenolphthalein-methyl orange titration makes it possible to 
determine quickly and accurately whether the proper amount of 
lime is being added to the water in softening or in corrosivity 
reduction with lime or other alkali. 
When lime is added to a water containing calcium bicarbonate 
ie follewing reaction takes place: 

CaH:(CO:) + Ca(OH): ——» 2CaCOs; + 2H,0 
(calcium bicarbonate) (lime) (calciumcarbonate)  (watei; 
The reaction takes place as shown in the equation when exactly 
the right amount of lime is added to the water to convert all of 
the calcium bicarbonate to calcium carbonate and, when titrated 
the end point to phenolphthalein will be exactly half the end 
pont to methyl orange because the alkalinity will be due to the 
small amount of calcium normal carbonate remaining in solution 
If lime is added in insufficient quantity to react with all of the 
calcium bicarbonate, the water will contain both calcium bicarbo- 
nate and calcium normal carbonate and, when titrated, the end 
point to phenolphthalein will be less than one-half the end point 
to methyl orange. If lime is added in excess of the amount 
required to react with all of the calcium bicarbonate, the water 
will contain calcium normal carbonate and free lime or calcium 
hydroxide and,, when titrated, the end point to phenolphthalein 
will be more than one-half the end point to methyl orange. 

Frem the foregoing explanation, the following rules can be 


will 


al 


derived (Ph. = alkalinity to phenol. MO. = alkalinity to methyl 
orange; both expressed in parts per million) : 
1. If 2 Ph. is less than M.O.. then 2 Ph. = normal carbonates 
2. If 2 Ph. is more than M.O., then 2 Ph. — M.O. = hydrox- 
ides and M.O. — hydroxides = normal carbonates. 
3. If 2 Ph. = M.O., then all alkalinity is due to normal car- 


honates. 

I’ the alkalinity is less than the total hardness, then the alke- 
linity is due to carbonate hardness. If the alkalinity is more 
than the total hardness, then the total hardness is all carbonate 
hardness and the excess alkalinity (alkalinity — total hardness) 
is sodium alkalinity. 


Hardness: 

Hardness in water is due principally to compounds of calcium 
and magnesium which are in solution and to a lesser (usually 
inconsequential) extent, to compounds of iron and aluminum. 
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s, like alkalinity, is expressed in terms of calcium car- 
Hardness is determined in a number of ways, the most 
‘eortant being, by calculation, by the soap method and by the 
+4 reagent method. (See “Standard Methods of Water 
alysis” —A.P.H.A. and A.W.W.A.) 

The most accurate method for determining the total hardness 
+a water is to compute the calcium carbonate equivalent of the 
‘ium, magnesium and, if present in sufficient quantity, iron and 
‘minum content. Usually the iron and aluminum can _ be 
lected. If a water analysis shows the calcium and magnesium 
vontent, the total hardness can be computed as follows: 

Ca X 2495 + Mg X 4.115 = hardness as CaCO; 

The soap method is the most rapid means of determining hard- 
yess but is also the least accurate, especially when the deter- 
ination is made by an inexperienced person. Hardness as deter- 
mined by the soap method should always be considered as ap- 
soximate and, if accuracy is necessary, some other method should 
ye employed. T his is especially true of the determination of 
aicium hardness from the false end point or ghost point in the 
wap hardness determination. 


Hardnes 


honate. 


Either total hardness or non-carbonate hardness can be deter- 
wined by the soda reagent method. Due to the fact that calcium 
arhonate and magnesium hydroxide are slightly soluble, this 


method is not strictly accurate but is sufficiently so for routine 
ntrol work. The soda reagent method is commonly used in 
controlling the operation of lime-soda ash water softening plants 
When results of hardness determinations of water are being 
udied and interpreted, it is always well to know the method ot 
analysis used. Then the proper weight can be given to the results 
reported. 


Dissolved Gases 


Free carbon dioxide and dissolved oxygen are often determined 
n making complete water analyses. The accuracy of the results 
reported for these two gases depends to a great extent upon the 
accuracy with which the samples are collected. It is always well 
to bear in mind that while the analyses may be accurate, the 
sample may have been collected in such a way as to allow the 
escape or absorption of considerable amounts of gas. 


When results are reported in terms of positive and negative 
radicals the figures are usually unsatisfactory to the layman be- 
cause they give but a hazy idea of the composition of the water. 
The results are more readily understood if hypothetical com 
binations are calculated or if the results are expressed graphically 
Computing Most Probable Compounds 

In computing hypothetical combinations, the method of Hal 
(Jour. Am. Chem. Soc., 29, 1078; 1907) is usually used. In 
this method, the positive and negative radicals are combined with 
each other in the following order: 


Calcium Bicarbonate 
Magnesium Sulphate 
Sodium Chloride 
Potassium Nitrate 


Calcium is first combined with bicarbonate. If there is excess 
calcium above that required for bicarbonate, it is combined with 
sulphate, chloride, and nitrate, until exhausted. If there is ex- 
cess bicarbonate above that required for calcium, it is combined 
with magnesium, sodium, and potassium, until exhausted. As 
each positive and negative radical is used up, the next following 
radical is combined until the radicals on both sides are exhausted 
If the analysis has been made correctly, the positive and negative 
radicals will be present in equivalent amounts. 

The first step in calculating hypothetical combinations is to 
letermine the reacting values of each of the positive and nega- 
tve radicals in the water in accordance with the following 
lormula, in which (R) is the radical in question: 

valence of (R) 
Reacting value = (R) in p.p.m. > —— 
mol. wet. of (R) 
valence of (R) 
The term is called the “reaction coefficient,” 
mol. wet. of (R) 





ot for various positive and negative radicals has values as 
lollows : 


REACTION COEFFICIENTS 


Positive radicals Negative radicals 
Calcium (Ca) 0.0499 Carbonate (CO:) 0.0333 
Magnesium (Mg) 0.0822 3icarbonate (HCO;) 0.0164 
Sodium (Na) 0.0435 Sulphate (SO,) 0.0208 
Potassium (K) 0.256 Chloride (C1) 0.0282 


Hydrogen (H) 0.992 Nitrate (NO:;) 0.0161 
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The following is a typical water analysis giving the various 
positive and negative radicals in parts per million and the calcu- 
lated reacting values: 





Reacting Reacting 

Analysis Value Analysis Value 

Ca 81 X .0499 = 4.04 HCOs 177 X .0164 = 2.90 
Me 25 X .0822 = 2.05 SO, 180 X .0208 = 3.74 
Na 30 X .0435 = 1.31 Cl 27 X 0282 = .76 
7.40 7.40 


rhe reacting values give a measure of the relative amounts of 
the positive and negative radicals present in the water. The 81 
p.p.m. of calcium, with a reacting value of 4:04, is present in 
sufficient amount to combine with all of the bicarbonate and with 
4.04 — 2.90 = 1.14 of the reacting value of the sulphate—second 
in the order of negative radicals to combine with calcium. 
Magnesium, with a reacting value of 2.05, is not present in 
sufficient amount to use up all of the sulphate remaining and 
3.74 — (1.14 + 2.05) = .55 of the reacting value of the sulphate 
remains to combine with the sodium. The reacting values will be 
distributed and evaluated as follows: 


CS CRUNCH RIC os inn oo cn tieeaveesacreciens 2.90 
5 8 CONE SUNN ooo ceed ie wcceetsaneesaawssenss 1.14 
DEE 0 WE SR iia is ease xnkmanaseycen 2.05 
Pel: RE COE SN inv 0 hAGK oS nds Ee decade red enneee 55 
Peal Se SOE CE oo oaks s 5s cawine eee sen enw eres .76 

WEE ei senncdawevacecadeneecanscieeseescerabeel 7.40 


Determining Actual PPM. of Each Compound 


In order to determine the actual amount of each hypothetical 
combination present in parts per million, it is necessary to mul- 
tiply the reacting value by a combination factor. The combina- 
tion factor is the factor necessary to convert the radical reported 
into the compound sought divided by the reaction coefficient. For 
instance, the factor for converting Ca to CaCOs is 2.5 and the 
reaction coefficient for Ca is .0499. The combination factor for 
converting the reacting value for Ca to CaCOs will therefore be 


25 + .0499 = 50. The following is a table of combination 
tactors: 
Given the Combination 

Reacting Values Sought Factor 

For Ca or CO; CaCO; 50.0 

For Ca or SO, CaSO, 68.1 

For Ca or Cl CaCl. 55.5 

For Ca or NO Ca( NOs). 82.0 

For Mg or CO MgCO;s 42.2 

For Mgor SO, MgSO, 60.2 

For Mgor Cl MgCl, 47.6 

For Mgor NO, Mg(NOs): 74.2 

For Na or COs; Na2CO; 53.0 

For Na or SO, Na.SO, 71.0 

For Naor Cl NaCl 58.5 

For Na or NO NaNO; 85.0 


\pplying the combination factors to the above analysis, the 
following hypothetical combinations are obtained : 


Calcium bicarbonate (CaCOs;) 2.90 X 50.0 145 p.p.m.* 


Calcium sulphate (CaSO,) 1.14 X 681 = 78 p.p.m. 
Magnesium sulphate (MgSO,) 2.05 X 60.2 = 123 p.p.m. 
Sodium sulphate (NaSQ,) 55 X 71.0 = 39 pp.m 
Sodium chloride (NaCl) 76 X 58.5 = 44 p.p.m. 


*Bicarbonate Ca(HCOs). in terms of CaCO, 
Graphical Plotting to Picture Combinations 


Reacting values may also be plotted graphically to show the 
relative amounts of each radical present. If the reacting values 
for Ca, Mg, and Na are-laid off to scale in that order on one 
line, and the reacting values for HCO:, SO,, and Cl are laid oft 
to scale in that order on another line directly under the first, 
the relative amounts of each are at once apparent. On the 
chart, the reacting values given above have been plotted: 




















; H 
CALCIUM : MAGNESIUM : SODIUM 
BICARBONATE : SULPHATE CHLORIDE 
0 2 3 4 5 6 7 8 


Graph, to Scale, Revealing Overlapping Combinations of 
Radicals and Clearly Revealing a Picture of Chemical 
Make-up of Waters. 


When properly interpreted, results of chemical analyses of 


water are very valuable in determining the quality of the water, 
and the treatment necessary to improve the quality. 
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INFILCO INC. 


Water Conditioning, Sewage Treating, Hydraulic Control 
and Chemical Feed Equipment 


325 W. 25TH PLACE, CHICAGO 16, ILL. 





ACCELATORS—Clarifying, softening and 
stabilizin 

AERATORS—Multi-Cone, forced draft, coke 
tray and cascade; floating and adjustable 
cone aerator nozzles 

BOILER FEED WATER TREATMENT 
PLANTS—Softener and silica removal 

CARBON (Activated) PURIFIERS—Taste, 
odor and color removal plants 

CHEMICAL FEEDERS—Dry and solution 
types, combination mixers and feeders 

COLOR REMOVAL PLANTS 

CONTROLLERS—Chemical feed, rate of 
flow, liquid level and hydraulic valve 

DEMINERALIZATION PLANTS FOR 
WATER AND SUGAR 





PRODUCTS ——__ 


FILTERS—Concrete and wood gravity, pres- SOFTENING PLANTS—Lime. 
sure and disk type water filters; also oil Flow, Accelator and Zeolite ( Hot. 
removal, swimming pool, etc. synthetic gel, carbonaceous and tering 
FILTER ——s my mere gre STERILIZING EQUIPMENT 
gauges, flow meters, indicators, recorders, 
operating tables, transfer switches, etc. wend pocseare Bienes teenie 
GAUGES—Rate of flow, loss of head, liquid TASTE AND ODOR REMOVAL Pry tte. 
level, ete. VENTURI TUBES ANTS 
ION EXCHANGER PLANTS WATER FILTERS AND FILTER p 
LIME FEEDERS AND SLAKERS EQUIPMENT LANT 
SEWAGE TREATING EQUIPMENT— WATER SOFTENING PLANTS OF A 
Accelo-Biox, Accelo-Filter, activators, co- TYPES 0 
agulators, clarifiers, dosing siphons, rotary ZEOLITES AND ZEOLITE WATER 


distributors, samplers 


SOFTENERS 


WATER CONDITIONING EQUIPMENT 


INFILCO SERVICES 


all kinds of water conditioning equipment—from Accelators 


[ ste has specialized in the design and manufacture of 


to Zeolites—for over forty years. 


The consulting engineer or his client can specify “Infilco” through- 
out the water treating plant knowing that such equipment has the 
benefit of Infilco’s vast experience in supplying thousands of in- 
stallations. Specifying one brand of equipment throughout gives the 
added assurance of undivided responsibility and coordinated results. 
The services of Infilco’s staff of competent engineers and their 
complete laboratory facilities, ready to cooperate in making recom- 
mendations and reports, are at the disposal of the consulting 


engineer or his client. 


ACCELATOR SOFTENERS AND CLARIFIERS 


The Accelator for water soften- = 
ing and clarifying is one of the 
most important water treat- 
ing developments in _ recent 
years. While retaining all of 
the advantages found in the con- 
ventional lime or lime-soda proc- 
esses, it offers many new advan- 
tages. Treating, mixing, reaction 
and clarification, all are carried 


iu 





out in an incredibly small space and in a single unit. Treating 
chemicals are applied in a new way. Reactions occur under 
new conditions. Size is but a fraction of that for old type plants 
where design was based upon holding time requirements for 
chemical and physical reactions and for sedimentation. 


ZEOLITES AND ZEOLITE SOFTENERS 








Infileo Zeolite 
Softeners are of 
either pressure or 
gravity type, and 
are built in sizes 
to meet any ca- 
pacity require- 
ment. Controls 
are furnished for 
either manual, 
semi-automatic or 
full automatic op- 
eration as desired. 


A variety of Infilco Zeolites are available, and the selection of type 
to be used will depend upon the characteristics of the water to be 
softened and upon requirements. All Infilco Zeolites are capable 
of quick regeneration, considerable overload capacity and opera- 
tion at high rates of flow. 
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CONTROLLERS AND GAUGES 


Infilco Rate of Flow Controllers, FF 
for automatically maintaining uni- 
form rates of flow, are noted for 
their accuracy, low loss of head, re- 
set and rate setter features. In‘lco 
Water Level Controllers operate hy- 
draulically controlled valves to main- 
tain proper liquid levels. 





Infilco Indicating and Recording 
Rate of Flow, Loss of Head and 
Liquid Level Gauges and I]luminated 
Indicators provide visual indication 
and permanent records of plant 
operation. 


PRESSURE AND GRAVITY FILTERS 

Clean, clear water is assured by Infilco pressure or gravity 
type filter plants. Capacities range upward from a hundred 
gallons per day. Models range from conventional-type filters 
to the new, light-weight Stellar. The Stellar filter utilizes the 
principle of filtering through a bed of filter-aid (usually dia- 
tomaceous earth) supported on the outside of rigid Stellar 
elements. 








The design of every Infilco filter plant is based upon sound 
engineering principles, backed by over four decades of ex- 
perience. 


RECARBONATORS 


Infilco Recarbonators are available for the stabilization or 
recarbonation of industrial liquids, trade wastes and lime 
softened water. Infilco equipment provides for the complete 
process of producing, cooling, scrubbing, compressing, drying 
and applying carbon dioxide gas to the liquid. 


COAGULATORS 


Infilco Coagulators promote economy 
and efficiency in the chemical treatment 
of water and sewage. The applied chem- 
icals are fully utilized by bringing them 
into intimate contact with the liquid 
undergoing treatment. The suspended 
particles are collected rapidly and quickly 
aggregate into masses having very high 
subsiding values. 
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TRANSFER SWITCHES, OPERATING TABLES 
ROBOTROLS AND SAMPLING TABLES 


Infilco Transfer Switches provide finger-tip con- 
trol of hydraulically operated mechanisms. They 
meet every requirement of 4-way plugs or piston 
cocks without their inherent disadvantages. Ex- 
treme compactness is obtained by grouping all 
four separate valves in one body, along with pres- 
sure and waste passages. 

Infilco Operating Tables offer both utility and 
a pleasing appearance. They provide centralized 
simplified control for a number of hydraulically operated 
d at the same time furnish an attractive mounting for 
1 levers, indicators and gauges. 





and 
valves, an 
the contro 

Robotrol is a robot filter, or softener, operator. It back- 
washes (or regenerates) and returns the unit to service—auto- 
efficiently and without supervision. 


matically, : 2 ny 
sampling tables furnish a visual check on the condition of raw, 
ettled and filtered water. 


HYDRODARCO PURIFIERS 


Hydrodarco is the activated carbon made expressly for water 
ourincation. Hydrodarco Purifiers, employing beds of granular 
Hydrodarco, automatically remove tastes, odors, chlorine, iron, 
rganic color, etc. They are furnished in capacities from a few 
zallons per hour to millions of gallons per day. 


INFILCO FILTER UNDERDRAINS 


Wagner Filter Underdrains pro- 
vide a primary distributing system 
of a manifold and laterals on wide 
centers, with distributing orifices 
along their undersides; and a sec- 
ondary system of Wagner precast 
blocks fitting between the laterals. 
The system fills every requirement 
for perfect wash water distribution. 
With manifold and laterals of Transite (an asbestos and Portland 
cement product) this underdrain is practically everlasting. 











FLUOREX PURIFIERS 


Fluorex is a specially prepared, highly porous and reactive tri- 
calcium phosphate for removing fluorine from water. Fluorex 
Purifiers, with their improved method of regeneration which 
prolongs the active life of the adsorbant and makes possible 
the use of ordinary materials and construction, offer the ideal 
means of removing fluorine. 


AERATORS 


To permit selection of the proper type of 
aerator to meet conditions of head and space 
available, character and quantity of water to 
be handled, and the results desired—Infilco 
offers its MultiCone, forced draft, coke tray, 
floating cone, adjustable cone and _ cascade 
aerators. 





CHEMICAL FEEDERS AND PROPORTIONERS 


Infileo Chemical Feeders—dry or solution— 
provide means for volumetrically or gravimet- 
rically measuring and feeding chemicals in any 
form: liquid, powdered, granulated or lump. 
Capacities are from a fraction of a pound to 
hundreds of pounds per hour. 


Infilco Continuous Lime Feeders and Slakers 
combine in one continuous, automatic process, 
the consecutive operations of feeding and slak- 
ing crushed or pebble quicklime, followed by 
the preparation and delivery of a suitable milk 
of lime mixture. 


Infilco Proportioners maintain predetermined ratios between 





liquid or solid flows, or automatically vary the ratio of one flow 
with respect to another, by electric, hydraulic or mechanical means. 








SEWAGE TREATING EQUIPMENT 


NFILCO manufactures equipment for all sewage treating 
I processes—chemical, biological and mechanical. In offering 

many products for application in these various processes, 
Infilco also offers the user the advantage of centralized responsi- 
bility, which is important in assuring continued satisfactory 
equipment operation. 


ACCELO BIOX PROCESS 


Accelo Biox is Infilco’s name for a high rate activated sludge 
process involving direct recirculation of aeration tank mixed 
liquor. This process has produced results comparable to those 
obtained in conventional activated sludge plants, and it em- 
ploys only half the aeration tank volume and blower capacity. 
The resulting savings in initial investment and operating cost 
are readily apparent. Recommendations embodying the Ac- 
celo Biox Process are available for any sized plant. 


ACCELO-FILTER SYSTEMS 


The Accelo-Filter system provides a 
new and improved method for treat- 
ing sewage and organic wastes by 
constant, direct recirculation through 
the trickling filter. This results in 
repeated inoculation with freshly 
aerated material and provides effec- 
tive reduction of the organic content 
of the sewage at a considerably 
higher filter dosage rate. 





Aero-Spray Nozzles on a rotary distributor (above) provide a 
fan-shaped variable spray which assures optimum coverage and 
maximum aeration in the application of screened, settled sewage 
to trickling filters. All parts of these improved nozzles are bronze 
to assure long life. 


CLARIFIERS 





Infilco Types WS and PD 
Clarifiers obtain a perfect bal- 
ance of the conditions neces- 
sary for efficient operation of 
a sewage concentrator. These 
Clarifiers are designed with 
curved rotating scraper blades 
that gently concentrate and re- 
move settled material with 
practically no disturbance of 
the liquid. Accordingly, reten- 
tion periods may be selected to avoid both septic action and 
excessive surface scum formation. 





Infilco Clarifiers assure effective removal of solids from the 
sedimentation tank whether it be small or large. The WS 
Clarifier with central motor reducer drive is supplied for tank 
diameters up to 40 feet. For diameters larger than 40 feet, 
there is the PD Clarifier, driven by a vertical motorized re- 
ducer through a submerged synthetic latex covered wheel. 


ROTARY DISTRIBUTORS AND DOSING SIPHONS 


Only Infilco Rotary Dis- 
tributors offer so many 
important refinements 
such as full-opening arm 
end gates, mercury seal 
with protective seal ring, 
and corrosion-resistant 
nickel iron castings, 
along with low operat- 
ing head requirements 
and uniformity of dis- 





tribution. Infilco dosing siphons insure perfect operation of dis- 
tribution mechanism at all flow rates. 
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BOSTON 16, MASS., 700 Statler Bldg. 
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TELEPHONE LOngacre 3-4930 


CHARLOTTE 3, N. C., 381 E. More- 
CHATTANOOGA 2, TENN., 517 Hamil- 


CHICAGO 5, ILL., 407 So. Dearborn St. 
CINCINNATI 8, OHIO, 3119 Griest St. 


THE PERMUTIT COMPANY 


World’s Foremost Manufacturer of Water Conditioning Equipment 
330 WEST 42nd St., N. Y. C. 1g 


Cable Address: "PERMUTIT" 
SALES OFFICES: 


CLEVELAND 15, OHIO, 1836 Euclid Ave. 


DALLAS 6, TEX., 5804 Anita St. 
DAYTON 8, OHIO, 931 Patterson Rd. 


DETROIT 26, MICH., 502 Free Press Bldg. 


JACKSONVILLE 2, FLA., 131 E. Bay St. 


KANSAS CITY 8, MO., 215 Pershing Rd. 






Calgary, Alberta—Stanley Brock, Ltd., 523 8th Ave., West 
Toronto, Ont.—S. A. McWilliams, Ltd., 60 Front Street, West 





PERMUTIT COMPANY OF CANADA, LTD. 


Winnipeg, Manitoba—Stanley Brock, Ltd., 145 Mkt. St., East 
Montreal, Quebec—C. Kirkland McLeod, 1449 Crescent St. 


‘ 
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FASTER, MORE ECONOMICAL COLD LIME TREATMENT 
. . . WITH PERMUTIT'S NEW SPAULDING PRECIPITATOR 


This revolutionary new equipment removes hardness and suspended solids in a much 
shorter detention period, saves chemicals, takes only half the space of old-type plants. 
The raw water and chemicals are mixed in a compartment where they are agitated with 
the suspended sludge from previously treated water. This speeds precipitation. The 
water and precipitates then pass into the filter upflow compartment which has a grad- 
ually increasing cross-section. The gradually reduced velocity of upflow supports the 


sludge filter at uniform density throughout the filtering zone. A rate of flow is 
reached at which the sludge is no longer supported, forming a clearly defined top to 
the sludge blanket. 
filtration. 


The effluent is clear, and for some purposes may not need further 








Permutit makes every type 
and size of water conditioning 
equipment. Here are a few: 


ZEOLITE WATER SOFTENERS 


In Permutit's pressure zeolite softeners, a 
single multi-port valve, operated automatically 
or manually, conducts the raw water into a 
shell. The water is then evenly distributed 
through a bed of zeolite, and aften collection 
flows to service completely softened. The valve 
also controls backwashing to clean the bed, re- 
generation with brine, and rinsing. Gravity 
zeolite units are also available. * 


PERMUTIT’S SPIRACTOR 


The new cold lime soda water softener based 
on "catalytic precipitation" principle. Soft 
water in 8 minutes . . . no settling or volumi- 
nous sludge . . . Saves space and time. 


PERMUTIT’S DEMINERALIZER 


Produces a water practically free of all salts; at 
a fraction of the cost of distillation. 


WATER FILTERS 


Automatic and manual, 
gravity and pressure. 


IRON REMOVAL FILTERS 
FLOC FORMERS 
SWIMMING POOL EQUIPMENT 








330 West 42nd St. 





WRITE FOR FREE BULLETINS: 


THE PERMUTIT COMPANY, DEPT. G1 
New York 18, N. Y. 
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WATER CONDITIONING HEADQUARTERS 
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The following describes some of the difficulties experienced in 
sjystry and in the home due to the presence of iron and hard- 
ein water and, at the same time, outlines methods that can 


ess in Wa cae > - 
1" d to overcome such difficulties, under varying sets of 


ye employe 
onditions. 
"When iron is present in a water supply in an amount greater 
gn 0.3 p-p-m., it Causes unsilghtly yellowish or black stains 
a bathroom fixtures, gives a metallic taste to drinking water, 
reacts with other reagents used in dye houses, laundries, paper 
gills and tanners where, for example, it combines with tannin 
» leather and forms black iron tannate; deposits in Municipal 
istribution systems, thus not only increasing the friction through 
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‘RECEIVING BASIN 
ELL 


A Simple Coke Aerator and Iron Removal Filter. 


TO SERVICE 


the mains which increases pumping costs, but at sudden high 
rates of flow these deposits loosen iron rust itself which is de- 
livered to the users. Further, the growth of iron bacteria, such 
as Crenothrix, is also promoted by its presence. 

The type of treatment plant required to remove iron is deter- 
mined by a number of factors such as: character of the water 
(especially the factors interfering with oxidation reactions) 
engineering conditions and the purpose for which the water is 
to be used. 





lon and Manganese Removal 


In general, iron (also manganese), can be removed from well 
waters by two methods: 
l—Oxidation to the insoluble higher oxides and hydrates fol- 
lowed by filtration. 
2—Removal by base exchange, by employing correctly selected 
base exchange zeolites. 
However, all waters and particularly surface supplies, do not 
respond readily to oxidation reactions. As just mentioned, there 
are interfering factors to be given consideration such as: 


Free Carbon Dioxide 


High amounts of free CO, or any acid will interfere with the 
xidation reactions going to completion. Therefore, in such cases 
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REMOVAL OF IRON AND HARDNESS 
By DANIEL J. SAUNDERS | 


The Permutit Company, New York, N. Y. 


PAOOLE AGITATOR 
TOR AND GEARS 


MIXING CHAMBER 


STATORS 


thorough aeration, or addition of alkalis, or both, are necessary. 
The addition of only 0.14 p.p.m. of oxygen per 1 p.p.m. of iron 
is theoretically required in the normal oxidation reaction. This 
quantity is insufficient when free CO, or any acid is present. 


Low Total Solids 


With waters of this type usually, even though a thorough 
removal of the carbon dioxide is effected by efficient aeration, 
it is necessary to supplement that step in the treatment by addi- 
tional steps, as will be described later. 


Organic Matter 


Iron or manganese present in organic combinations is not 
removed by simple aeration and filtration. Coagulants fed into 
floc forming aggitating devices to accelerate floc formation and 
sedimentation tanks or basins must precede the filters. 


Excessive Aeration 


This has been known to interfere with the complete removal 
of iron and especially manganese. In such cases, restricting the 
aeration, i.e., limiting the absorption of the oxygen to a fraction 
of saturation, gives better results. 


Types of Plants 


Waters Low in COs and Relatively Low in iron 
Responding Readily to Oxidation 


A small amount of air can be introduced by sniffling air into 
the suction side of the well pump for oxidation purposes. The 
well pump can then pump the oxidized water directly through 
either a single pressure filter or, to avoid frequent backwash- 
ings, through a coarse pressure filter followed by fine pressure 
filter direct to storage or use, thus making repumping unnecessary. 

However, where preferred, gravity filters can be employed. 
Air wash systems should be employed where their use is deemed 
advisable. 


Waters High in CO2 Requiring CO. Removal by Alkali Feed or 
Efficient Aeration Before Final Filtration 


In this case, the arrangement just described can be employed 
provided an alkali feed is installed to neutralize the CO,. How- 
ever, as air is free, if the quantity of water being pumped is 
appreciable, an efficient type of aerator should be installed, prefer- 
ably either a coke tray type or degasifier bubbling type to insure 
exposing the water to the air in thin films or drops so that each 
particle of water contacts air low in CO, content. However, 
should the iron present in the raw water be very high, a sedi- 
mentation tank or basin may be required. 


Waters of Low pH Value That Do Not 
Respond Readily to Oxidation 

In such cases, following aeration, lime or soda ash is fed by 
means of a proportionating chemical feed to a sedimentation tank 
or basin (equipped with floc formers for aggitating purposes). 
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FILTER 
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SETTLING BASIN 







SLUOGE SPIDER 


Iron Removal System Providing Flocculation. 
Involving aeration, lime treatment, flocculation and clarification before filtration. 
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Lime is employed for the larger plants—soda ash for the 
smaller plants. Lime gives better results because it also has a 
coagulating effect. However, it also increases the hardness and 
as this is objectionable in many cases, soda ash is employed. 
The settled water is then pumped through filter equipment to 
either the mains direct or to storage and the mains. 


Waters Containing Iron in Organic Combinations 


The treatment suited to any given case of this kind will depend 
upon the type of organic compound present. The best treatment 
must be determined by experiments in the field and the laboratory. 
Further, the treating plant should be designed so that the pH 
values may be altered at will and also so that different coagulants 
may be added as required. 


BYPASS BYPASSED STREAM 





the hardness from 3 to 5 grains per U. S. gallon. Process 

will reduce the hardness to some figure below 1% grin 
U. S. gallon, depending upon the character of the wate Per 
chemicals employed, etc. T, the 








Zeolite Process (Sodium Cycle) 


With this method the hardness is removed by base ex 
the calcium and magnesium being retained by the zeolite yiy 
the corresponding sodium salts are found in the effluent After 
the rated capacity of the zeolite to soften water to zero 
has been exhausted, the softening capacity is restored by treat; 
the zeolite with a solution of common salt. tng 


As this salt solution comes in contact with the Zeolite, the 
calcium and magnesium is remove ; 
the form of the soluble chlorides and in 
original sodium content is restored, Atte 
flushing the chlorides of calcium 
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magnesium, plus excess salt, to the drain, 
the zeolite is ready to soften a further 
equal quantity of the hard water. 


These alternate softening runs and te. 
generations can be repeated indefini 
as the wear and tear on a correctly pro 
cessed zeolite is negligible. Therefore, the 
annual cost of replacing this zeolite js 
correspondingly low. The effluent {rom 
a zeolite water softening plant is pre. 
tically of zero hardness. As zero hard. 
ness water is either a requirement or x 
least desirable for most industrial pro. 
cesses, all of the water used in ap 
industrial plant is usually passed through 
the zeolite plant. in the case of munic- 
pal zeolite plants, a zero hardness wate 

























SALT TANK 2- SODIUM ZEOLITE 


SOFTENERS 


Combination Zeolite Softener and Manganese and Iron Removal Zeolite Units. 
Capable of producing iron free effluent of 4 to 5 grain hardness—favored in 


municipal installations. 


_ Obviously, this will mean equipment for feeding various chem- 
icals, sedimentation (and possibly double sedimentation) and 
filtration, plus chlorination. 


Waters of Low Iron Content Where Reduction in Iron 
Content Should Be Below 0.1 ppm. 


Manganese zeolite filters are most effective in the removal 
of iron where practically complete removal is desired for indus- 
trial purposes. Manganese zeolite consists of sodium zeolite 
treated by manganous chloride aud oxidized by sodium or potas- 
sium permanganate. The manganese zeolite proper acts as an 
active carrier and catalytic reagent. The oxides themselves do 
the work of iron removal. These oxides give up oxygen to the 
water for the necessary oxidation reactions. They are re-oxidized 
by passing permanganate solution through the bed. Approximately 
0.01 lb. of permanganate per thousand gallons is required for the 
average water. These filters are backwashed daily, but usually 
regenerated only at weekly intervals. 


Sodium zeolite of the natural type, provided it has been cor- 
rectly processed, or “Zeo-Karb” material, a carbonaceous zeolite, 
may be economically employed to remove iron and manganese by 
base exchange, at the same time that the zeolite is softening the 
water. When these types of zeolites are employed for iron and 
hardness removal by base exchange, the iron must be maintained 
in the ferrous form. Therefore, well waters cannot be exposed 
to air before such zeolite treatment. The regeneration of units 
of this type is accomplished by the usual sodium chloride regen- 
eration employed in zeolite softening. 


Water Softening 


There are five methods of water softening in general use. These 
are: 
Zeolite Process—Sodium Cycle. 
Zeolite Process—Hydrogen Cycle. 
Cold Lime Soda Process. 
Combination Lime Zeolite Process. 
. Hot Process. 
Processes Nos. 1, 2 and 4 will reduce the hardness of the water 
to practically zero. Process No. 3, depending on the way it is 
carried out and also the composition of the raw water, will reduce 
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TO SERVICE 


is not required. Therefore, in such cases 
enough hard water is bypassed an 
mixed with the zeolite softened water to 
yield a mixed effluent of the desired de. 
gree of hardness. 

Zeolite water softeners are available to 
operate automatically through all ‘cycle 
of operation by a combination of a motor 
driven multiport valve with electrical controls. Automatically 
the equipment is cut out of service, backwashed, brined, rinsed 
and returned to service. About 90% of the more recent m- 
nicipal zeolite water softening plants are of the automatic typ. 










Zeolite Process (Hydrogen Cycle) 





In this process of water softening, a carbonaceous type of zeo- 
lite is employed. It is of especial value in softening waters of 
a high bicarbonate content, as the bicarbonates, of sodium, al- 
cium, or magnesium, are replaced by carbon dioxide and water; 
the base being retained by the zeolite. 

The carbon dioxide may then be removed by passing the soff- 
ened water through a degasifier (bubbling) type of aerator. This 
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Section Through the Spaulding Precipitator. 


The treated water is mixed with sludge (center) and rises wpworis 
through the sludge blanket to the surface overflow. 








process, therefore, in a very simple manner practically completely 
removes bicarbonates of all kinds. ms 
At the end of the softening run, the carbonaceous zeolite 
regenerated by treating it with a dilute solution of sulfuric 
This restores the hydrogen content of the zeolite and simultant 
ously removes the bases in the form of soluble sulfates. 















$5 No, § 


able to 
cycles 
| motor 
tically 
rinsed 
nt mu- 


C type 


of ze0- 
ters of 
n, Cal- 
water 


e soft: 
. This 


words 


letely 














e excess of acid, are then flushed out to the drain, after 
hich the zeolite is ready for the next softening cycle. 
Cold Lime Soda Process 

In this process, as carried out in the conventional type of 

ipment the raw water is treated with regulated dosages of 
and soda ash. The bulk of the hardness precipitated by these 
‘cals, is then settled out in a settling tank having a detention 
period of at least 4 hours. 

It is then either recarbonated and filtered or filtered and re- 
carbonated. As usually carried out, the effluent so produced has 
; hardness Of 5 grains per gallon. 

In the relatively newer Spaulding Precipitator type of equip- 
ment, the treated water is brought into intimate contact with 
suspended sludge. This suspended sludge acts to produce a more 
table effluent in a much shorter period of time. 

In practice, it has been found that the Spaulding Precipitator 
requires only a one hour detention period and that the reduction 
of hardness is so complete that recarbonation is either carried out 
toa very slight extent or eliminated. 


Combination Lime Zeolite Process 


In the combination lime zeolite process of water softening, 
the bicarbonate hardness is reduced by treatment with lime. 
The lime treated water is then recarbonated, filtered and then 
passed through zeolite water softeners. 

The net effect is that the lime treatment removes the bulk of 
the bicarbonate hardness and the subsequent zeolite treatment 
removes the non-carbonate hardness plus any residual bicarbonate 
hardness. In many cases, it has been found economical to employ 
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this combination type of treatment because of the savings effected 
in the lower cost for salt vs. soda ash required per 1,000 grains 
of hardness removed. 

For industrial processes or boiler water, all of the lime treated 
water is passed through the zeolite water softeners. Inciden- 
tally, when any water is used for boiler feed, it is important to 
give consideration to supplementary treatment so that the final 
reedwater will conform to modern power plant practice, as pre- 
scribed by the ASME. For municipal water supplies, only the 
requisite portion of lime treated water, required to produce a 4 
to 5 grain per gallon hardness in the mixed effluent, is shunted 
through the zeolite water softening equipment and again joins 
the lime softened portion. 


Hot Lime Soda Process 


The hot lime soda process of water softening is carried out 
by adding carefully regulated dosages of lime, soda ash and/or 
other chemicals to the raw water, after heating it to a temperature 
at or near the boiling point. Since the high temperatures employed 
speed up the chemical reactions, a detention or settling period of 
only one hour is required. (This statement indicates the value 
of the Spaulding Precipitator which requires no heat input.) 

The settled water is then filtered through filter beds of non- 
siliceous material. Depending on the excesses of chemicals used, 
the hardness of the effluent varies from as low as 1% grain pet 
gallon down to a fraction of a grain. As this process must be 
carried out hot, its application is obviously practically limited 
to the production of boiler feed waters. 

* The content of this article is in part derived from a paper read 


by the author before the Michigan Section of A.W.W.A. and Michigan 
Conference on Water Purfication meeting jointly. 











MUD-BALL AND HARD-SPOT BREAKER 
By HOMER W. SCHUMPERT 
Superintendent of Water, Light and Sewage, Newberry, S. C. 


Like many other plants, our filtration plant at Newberry has 
been troubled with mud-balls and hard-spots in the sand beds. 


After trying many schemes and devices, that to be described 
seems to be of sufficient value to justify its publication. 


The “Mud-Ball Breaker,” as we call it, is here sketched. 
It is made from two 10-in. pieces of cross-arm bracing, for 
tlectric-line poles, welded in the form of a cross and attached 
to a shaft of %4-in. steel pipe. The “tool” is turned by a light 
weight hand mgtor such as is used for electric hand-drills. 


Through the pieces of bracing (1 in. wide by 10 in. long by 
3/16 in. thick) are drilled holes to take 20-penny nails and a 
square hole (%4 by 1.2 inches) is cut at the center of the cross 
(see sketch). The nails are welded in at their heads ard the 
strips of bracing are spot-welded together at the center. A 
2-in. piece of %4-in. steel rod is squared at the end and welded 
into the square center hole. A coupling and reducer connect 
the rod and the shaft of %-in. pipe. This shaft, 2 ft. long, 
fits into the chuck of the standard %-in. electric hand-drill 
which has a free-speed of 475 r.p.m. 


Using the Filter Wash Tool 


The water level is lowered in the filter until only 1 or 2 in. 
stands above the filter bed. Then the operator plugs in the 
cord of his tool (drill) and climbs down into the filter troughs. 
He starts the tool rotating at the 475 r.p.m. speed and pro- 
ceeds to attack the mud-spots with it for about 6 minutes, em- 
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ploying a churning ‘up and down) motion of the whirling 
head. Then the filter is washed as usual. 


We tried experiments thinking it poss:ble to improve this 
device, but in the end we believe the sketched tool, as simple 
as it is, does the best job without the “improvements.’’ When 
the spinning cross arms strike a wall the tool merely bounds 
away without damage. The whole assembly is light, inexpen- 
sive, and (most important) it does the job. 

{[Mr. Schumpert comments by letter: “If you do not believe 
that the job is easily and effectively done, then just try it 
yourself.” —Ep. ] 
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Atlanta, Ga. 
Beloit, Wis. 


Birmingham, Ala. 
Charlotte, N. C. 


Chicago, Ill. 
Cleveland, Ohio 
Dayton, Ohio 


Denver, Colo. 


%o PROPORTIONEERS, INC. % 


9 N. CODDING ST., PROVIDENCE 1, R. I. 


Des Moines, lowa Miami, Fla. Pittsburgh, Pa. 
Detroit, Mich. Nashua, N. H. Richmond, Va. 
Ft. Wayne, Ind. New Orleans, La. Rochester, N. Y. 
Huntington, West Va. New York, N. Y. St. Louis, Mo. 
Jackson, Miss. Niagara Falls, N. Y. St. Paul, Minn. 


Kansas City, Mo. 
Los Angeles, Cal. 
Louisville, Ky. 


Oak Harbor, Ohio 
Omaha, Neb. 
Philadelphia, Pa. 


Salt Lake City, Utah 


San Antonio, Texas 


CHEMICAL FEEDERS FOR WATER AND SEWAGE TREATMENT. 
DIAPHRAGM AND PLUNGER TYPE LIQUID PROPORTIONING PUMPS. 











MOTOR DRIVEN AND HYDRAULICALLY OPERATED MODELS. 











HEAVY DUTY CHEM-O-FEEDER 


0-7 gal. hr 
0-100 Ibs./sq. in 





HIGH PRESSURE MIDGET 
CHEM-O-FEEDER 


0-6.5 gal./hr 
30-200 Ibs./sq. in. 


MANUALLY ADJUSTABLE AND AUTOMATIC AND PROPORTIONAL UNITS. 
DESIGNS FOR HIGH OR LOW PRESSURE. 


Fig. 3 


DUPLEX DELUXE CHEM-O-FEEDER 


0-16 gal./hr. 
0-100 Ibs. /sq. in. 


Fig. 6 


LOW PRESSURE AUTOMATIC AND 
PROPORTIONAL CHEM-O-FEEDER 


0-5 gal./hr. 
4-100 Ibs. /sq. in. 


0-5 gal./hr 
30-200 Ibs. 


Any water or sewage treatment chemical can be handled with any of these 
feeders. All are equipped with molded transparent plastic reagent heads. All 
have adjustable stroke lengths. Figures !, 2, 3, and 4 have adjustable stroking 








rate and all but Figures 3 and 4 are adjustable while operating. 





San Francis 
Seattle, Wash, Ca 
Syracuse, N. Y. 
Troy, N. Y, 
Tulsa, Okla, 
Worthington, Ind. 
Washington, D. C. 

















WH 





TRIPLEX MULTI-CONTROL 


0-21 gal./hr. 
0-100 Ibs./sq. in. 





HIGH PRESSURE AUTOMATIC AND 
PROPORTIONAL CHEM-O-FEEDER 


a 
'sq. in. 
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Additional standard feeders of capacity from 3.5 gal./hr. to 2600 gallons per hour 
are manufactured in motor-driven and meter controlled models for pressures from 
less than atmospheric to 6000 Ibs./sq. in. Bring your proportioning problems to: 


% PROPORTIONEERS, INC.%, 9 N. CODDING ST., PROVIDENCE 1, R. I. 


Chemical Feeder Headquarters 
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WATER SOFTENING’ 


With Particular Reference to Its Economic Aspects 
By CHAS. P. HOOVER 


Superintendent of Purification 
Columbus, Ohio 


The consumer judges water to be hard if much soap is 
required to produce a lather, and soft if it lathers freely. The 
hardness Of most water supplies is due to four compounds 
which are held in solution. These compounds are: 

|. Calcium bicarbonate (solution of limestone, CaCQ,, in 

waters containing carbon dioxide, CO;). 

2. Magnesium bicarbonate (solution of magnesite, MgCOs, in 

waters containing carbon dioxide, CQ;). 

3, Calcium sulphate (in the form, CaSO,.2H;O, is known 

as gypsum ). : ; 

4. Magnesium sulphate (in the form, MgSO,.7H0O, is known 

as epsom salts). 

As long as any of these compounds or a combination of 
them are present in a water supply it is hard. 

Chlorides and nitrates of calcium and magnesium are some- 
times present. 

Calcium and magnesium bicarbonates were formerly desig- 
nated as temporary hardness, but are now termed carbonate 


hardness. 

Calcium and magnesium sulphates, chlorides, and nitrates 
were formerly designated as permanent hardness or incrustants, 
but are now usually called non-carbonate hardness. 

Water softening processes remove objectionable iron com- 
pounds and manganese as well as hardness. 

In general terms, hard water is made soft by a treatment 
which changes calcium and magnesium compounds from a 
soluble to an insoluble form, and then by removing the insoluble 
compounds by sedimentation and filtration, or by an exchange 
process, which consists in replacing the calcium and magnesium 
with sodium. The first process is known as the chemical, or 
lime-soda process, and the second, the zeolite process. 

|Elsewhere in this issue appears a map of the United States 
which reveals the average hardness of public water supplies of 
important American municipalities, of each State——Ed.] 


History 


The art of water softening with line dates back to the year 

1766 when Cavendish discovered that the addition of lime to 
natural water caused a deposition of the carbonates of calcium 
and magnesium. The proposal to use lime for softening hard 
water on a plant scale was advanced by Thomas Henry in 
England about 1800, but it was not until 1841 that water 
softening on a large scale was developed by Dr. Thomas Clark 
*Excerpts from ‘‘Water Supply and Treatment’’—written by Mr 
Hoover and published by the National Lime Association. 


of Aberdeen, Scotland. He patented the process of adding lime 
to water to precipitate earthy carbonates held in solution by 
carbonic acid. 

Winnipeg, Canada, built the first municipal plant in 1901. 
In 1903, the first municipal plant in the United States was built 
at Oberlin, Ohio. 

In 1908, water softening on a larger scale than had hitherto 
been tried was undertaken at Columbus, Ohio, when a plant 
having a capacity of thirty million gallons per day (now 50 
m.g.d.) was constructed. 

For years the advantages of water softening were offset to a 
certain extent by disadvantages. Difficulties arose in operating 
sand filters on account of incrustation of the sand with calcium 
carbonate. Water mains, service pipes and meters became 
clogged with heavy deposits. When water contained an excess 
of causticity it was unpalatable. The recarbonation process 
developed by Archbutt and Deeley in the latter part of the last 
century, was employed at several plants in England for the 
purpose of overcoming all the above difficulties, but its first 
employment in this country, on a successful plant scale, was in 
1921 at Defiance, Ohio. Since that time practically all water 
softening plants have been equipped wifh recarbonation devices. 

The chemistry of water softening is now well understood, 
and an exact prediction of the results to be obtained can be 
made. Improvements in design and equipment for applying 
chemicals and removing sludge all tend toward simplifying 
operation. As a result of these improvements there has been a 
decided trend toward some degree of water softening by 
municipalities throughout the United States. Industry has gone 
forward with water softening to a far greater extent because 
of proven economies in processes, materials and equipment 
where soft water is made available. 


Economic Aspects of Water Softening 


The water supply in a large number of cities and v..“ «ges 

should be softened because: 

1. Hard water destroys soap; makes household work more 
difficult; has a bad effect on clothes washed in it, on 
plumbing, heating systems, boiler tubes and shells; and is 
unsuitable for many industries. 

2. Softening at a central source of supply rather than in 
thousands of homes is economically sound. 

It is cheaper to pay a reasonable additional charge for cen- 

tralized softening than to accept a hard supply, a portion of 
which must be softened in the home. All of us, whether we 





The Water Softening Plant of Fort Wayne, Indiana 
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know it or not, soften some water each day, for it is necessary 
to use soft water to keep clean. 

All public water supplies contain some hardness and that 
portion of the water in which soap is used must be softened to 
be effective. Soap has very little cleansing action until it 
lathers and it will not lather until the hardness salts in the 
water have been neutralized by it. 

Aside from the objections of the precipitated soap curd, the 
extravagance of removing hardness with soap can be appre- 
ciated when it is realized that a pound of lime costing approxi- 
mately one-half cent will neutralize as much hardness as 20 
pounds of soap costing approximately $3.00. 


Soap Losses Determined Experimentally 


The amount of soap consumed and the quantity of water 
used for household processes, laundering, dish-washing, clean- 
ing, washbow!] activities, and bathing, was carefully measured 
for a period of one week, and calculated for a year." Two 
kinds of water were used, each for one week: (1) Scioto River 
water which was filtered and sterilized but not softened. The 
hardness was 270 parts per million (16 grains per gallon). It 
was delivered in 10-gallon bottles to the home where the experi- 
ments were made. (2) Softened water as delivered to con- 
sumers. The hardness averaged about 80 parts per million (4.7 
grains per gallon). In the home where the experiments were 
made there were five people, three adults and two children. 
[vory soap in bar and flake form was used, the former costing 
21 cents per pound and the latter 31 cents. The laundering 
was done in a vacuum type electric washer, the weight of the 
clothes averaging 29 pounds per washing. 

Water-works records show that this family used the average 
quantity of water, about 30 gallons per day per capita. Their 
bill amounted to 75 cents per month. The soap was dried and 
weighed before and after it was used, so that the difference in 
weight would represent the weight actually used. The results 
for the week figured to one year show: 

1. That this family used 281 gallons of water a week for 
ordinary household cleaning, divided as follows: Laundry, 15 
gallons; dish-washing, 73 gallons; cleaning, 4 gallons; bathing, 
136 gallons; and washing of hands, 53 gallons. 

2. That approximately 11.46 pounds of soap were used per 
week with unsoftened water, or a total of 596 pounds per year. 

3. That approximately 3.7 pounds of soap were used per 
week with Columbus city softened water, or a total of 192.5 
pounds per year. 

4. That softened water saved this family 403.5 pounds of 
soap per year. 

5. That this soap, valued at 20 cents per pound, represented 
a saving of $80.70 per year and figured at 12 cents a pound, 
the price of cheaper laundry soaps, represented a saving of 
$48.42. 

6. That this consumer could afford to pay five or six times 
as much for softened as for unsoftened water. 

The investigation also disclosed the following facts: 

1. One-half again as much time was needed to launder 
clothes in the unsoftened as with the softened water. 


‘Thesis presented for the degree of Master of Science by Miss 
Pauline Snyder, Ohio State University, 1927. 


W. & S. W.— REFERENCE & DATA — 1946 


2. The cleanliness of clothes washed in the unsoftened 

was not entirely satisfactory. Several very soiled pieces fn 

to be rewashed and all of the clothes had to be re-rinsed. q 
3. The general appearance of the clothes was Unsatisfactory 


These figures may be high for the average family but ¢ 
are fairly representative for a family of five living in moq 
circumstances. There are 55,033 domestic services or connaane 
in Columbus, Ohio. Applying the above figures, if ake 
saves $48.42, the total saving would amount to $2,664,607 56 
If this figure is divided by two because of the possible we 
cheaper compounds to “break” the water, the saving would be 
$1,332,348.93. This amount is about eight or ten times the co 
of chemical softening. 7 


Relations of Soap Wastage to 
Quantity and Type of Water 


The above experiment demonstrated that 8 gallons of wate 
per day per person were used for household processes, This 
quantity was probably not alf completely softened by soa, 
Other workers have made the following estimates of water 
completely softened per capita per day: 


Foulk* 
Report of Special Committee for Madison, Wis.... 1,7 
City of St. Louis® 


REE. -ccneisestxcehcrnesennnbensseviaasean 12 


The amount of soap required to reduce the hardness of 1,00 
gallons of water, one part per million, has been determined a; 
being 0.2 of a pound (Foulk’s formula: Pounds of soap con. 
sumed per 1,000 gallons =2+0.2H). 

Based on these assumptions, the loss per family of five using 
water of varying degrees of hardness is shown in the follow. 
ing table: 

SOAP WASTAGE AND COST WHEN USING WATER HAVING 


HARDNESS VARYING FROM 150 TO 500 PARTS 
PER MILLION 





Raw water Hardness Loss lbs. of 


Lass 
er family of 





hardness removed by Hardness soap per family 
p.p.m softening reduced to of five per yr. ve per year* 
150 65 8* 28.5 $3.40 
200 115 8o 50.0 6.00 
250 165 85 72.5 8.70 
300 215 85 94.0 11.30 
350 265 85 116.0 13.90 
400 315 85 138.0 16.55 
450 365 85 160.0 19.20 
500 415 85 182.0 21.85 





*Soap at 12 cents per pound. 


Actual Survey of Retail Soap Sales 


The economic effects of quality of water, with special refer- 
ence to soap consumption in the home, were demonstrated by 
H. W. Hudson‘ in a field survey of retail soap sales in four 
cities of the middle west: Superior, Wisconsin, and Blooming- 
ton, Champaign-Urbana, and Chicago Heights, Illinois. A can- 
vass of all retail stores selling soap in these cities was made 
by a personal investigator who compiled a complete record o. 
soap sales. The soap sales and per capita soap consumption 
with different types of water are shown in the following tables 


TOTAL SOAP SALES IN FOUR CITIES 





Annual soap Annual soap 





City sales, pounds _ sales, dollars 
PCED cccaccaceasaccnnee 1,530,314 $196,133 
Bloomington, Illinois .................. 1,517,658 215,528 
Champaign-Urbana, Illinois .......... 2,093.881 307,732 
Chicago Heights, Illinois .............. 1,009,503 159,910 


PER CAPITA SOAP CONSUMPTION WITH DIFFERENT 
TYPES OF WATER 





Total Annual per Annual 

hardness of capita soap cost of soap 

water supply consumption art 
0 








City p.p.m. pounds 
Superior, Wisconsin .......... 45 29.23 $3.75 
Bloomington, Illinois .......... 70 32.13 4.48 
Champaign-Urbana, Illinois 298 39.89 5.93 
Chicago Heights, Illinois ..... 555 45.78 7.50 





*Geological Survey of Ohio, Bulletin 29, 1925. 

*Report of Water Commission, 1922. , 

‘Abstract of thesis for Doctor of Philosophy in Economics, Unl- 
versity of Illinois, 1933. 
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The results show . 

|, That soap bills increase as the hardness of the water 
th which soap is used increases. 

. That even with 2 relatively soft water, a considerable 
santity of soap is required to remove dirt and grease. 

YL That by taking Superior as a basis for comparison, the 
jonual per capita soap waste is: Bloomington, 29 lIbs.; Cham- 
“Urbana, 10.7 Ibs.; Chicago Heights, 16.6 Ibs. 

4 That this loss in Chicago Heights would amount to $15.00 
ver year per family of four. 

From the results of this study an equation was formulated 
, show the degree of hardness necessary in any particular 
7 ly in order that the economy in soap obtainable by 





eet att water would pay for the cost of softening. 
C—75D + 75F 
iad F—D 


X=hardness of water supply in p.p.m., the softening of 

which will be paid for in soap economy alone. 

%3= demonstrated attainable hardness of water in p.p.m., 

from municipal water softening plants. 

F=soap waste per capita per year per p.p.m. hardness. 

C=capital overhead charges, including superintendence, per 

capita per year. 

D=cost of chemicals per capita per year per p.p.m. hard- 

ness. 

Mr. Hudson states that if this equation is applied to data 
for Champaign-Urbana and the hardness of the raw water 
ested only 145 p.p.m. (it is actually 298 p.p.m.) a municipal 
water softener that would soften the water to 75 p.p.m. would 
ave enough in soap for home use alone to pay for itself. 


Efect of Hard Water on 
Power and Heating Systems 


Heating hard water causes it to deposit scale in water pipes, 
heating coils, boiler tubes, and boiler shells. The heat loss due 
to scale, 1/50 to 1/9 inch thick, has been computed to be from 
7 to 16 per cent.’ This means that with scale 1/9 inch thick, 
16 cents of every dollar paid for coal is lost. This is in addi- 
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tion to the trouble, cost of drainage, and time lost in getting rid 
of the scale. According to an estimate of the American Rail- 
way Engineering Association,® the damage caused by one pound 
of scale is 13 cents. The Association further estimates that the 
improvement in operating and maintaining locomotives, due to 
water softening, amounts to a saving of from $4,000 to $9,000 
per locomotive per year. 


Hard Water Stunts Growth of Cities 


A study of ten Illinois cities shows’ that eight have com- 
paratively soft water supplies as judged by midwestern stand- 
ards, whereas the other two have supplies that are excessively 
hard. The two hard water cities will be designated as A and 
B. Both are situated in rich agricutural sections and are ad- 
vantageously located with respect to large markets. In spite 
of these advantages they have shown a very slow rate of 
growth. In 1880, A and B together had 26 per cent of the 
total population of the ten cities. In 1920 they together had 
only 13.7 per cent. 

Manufacturing industries which require soft water for their 
successful operation, in establishing plants select communities 
having satisfactory water, other things being equal. 


Cost of Softened Water vs. 
Other Commodities 


“Cheap as dirt” is a common expression, but even expensively 
treated water is much cheaper! Two hundred and forty-one 
gallons of water equal one ton. Five cents a ton would be a 
little over 20 cents per 1,000 gallons, which is more than the 
average consumer pays for water in the larger and medium 
sized cities. A ton of dirt delivered would cost many times 
this amount. 

The cost per capita per year for various domestic services 
by a family of five in Columbus, Ohio, is shown in the chart 
on the preceding page. 





‘U. S. Bureau of Mines, Tech. Paper 218. 
. a American Railway Engineering Association, Novem- 
er, q 

7Alvord, Burdick & Howson (Chicago), a private communication. 
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Annual Soap Consumption Per Capita Expressed in Pounds 
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[These graphs were prepared by the Technical Service staff of The Solvay Process Co. 
from soap consumption data compiled by H. W. Hudson and published in the A.W.W.A. 
Journal—Vol. 25, p. 645, 1933. These graphs and other valuable information on water 
treatment appear in Solvay’s Technical Bulletin No. 8.] 


Annual Soap Savings Per Capita Expressed in Pounds 
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Fig. 2.—Savings in Soap per Capita Resulting from Softening to Various Degrees 
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ATER pipes in certain sections of the country are likely to 
become clogged by corrosion or deposits from the water. In 
cases this has reqired replacement of the pipes, a procedure 
an is often costly due to the necessity of tearing out walls 
ind floors. As a result there have been attempts to clean pipes 
the use of muriatic or other acids with the intent to leave 
ie acid in just long enough to remove the scale and yet not 
long enough to attack the pipe itself. This, however, is a ques- 
able expedient and may be more expensive than the replace- 
e pipes. 
oat of he last decade considerable interest has been shown 
ip the use of inhibitors in pipe cleaning operations involving 
sad treatment. These are usually nitrogenous materials such 
3 aniline or pyridine ; and, even glue and flour have been used. 
When small quantities of such substances are added to an acid 
tion the resultant mixture will attack rust or scale but will 
ave practically no effect on the pure metal itself. Wide use 
tas therefore been made of this principle in the acid process of 
“pickling” metals to effectively remove scale while rendering 
the loss of metal underneath almost negligible. __ 
An example is also given of the use of this principle in clean- 
ing the pipes of a thirty-five story office building located in down- 
town New York.** 
Many of the pipes were concealed behind expensive marble 
walls and it was estimated that it would cost between $100,000 
and $300,000 to replace this piping, not to mention the serious 
inconvenience to tenants. By the use of an acid-inhibitor com- 
bination the whole cleaning operation was carried out on Saturday 
afternoon without inconvenience to the tenants. The pipes were 
returned to practically their normal condition of carrying ca- 
pacities and the cost of the operation was but nominal. 
This method attracted our attention in 1927 and we made 
initial tests to determine how effectively inhibitors would reduce 
the action of acid on the metal. In parallel tests on galvanized 
iron pipes 16 per cent muriatic acid was used alone, to com- 
pare with the same acid containing 3 per cent of an inhibitor. 
Equal lengths of pipe were allowed to stand in each solution 
for six hours. At the end of that time the pipe in muriatic acid 
had lost 50 per cent of its weight while that in the inhibited 
acid had lost but 0.2 per cent of its weight. We were then 
satisfied that the inhibitors would effectively prevent destruction 
of the pipes by such acid when submerged for a relatively short 


period 


Working Demonstrations 


Not long afterwards two lengths of pipe, leading from the 
basement of our main office to the second floor became filled 
with rust and other deposit, completely stopping the passage 
of steam. It would have been relatively expensive to replace 
this piping and we therefore opened the two lengths at the top 
and cleaned them by pouring in inhibited acid, allowing it to 
work its way through. One overnight treatment, followed by 
a thorough flushing was sufficient to clean these pipes and no 
further trouble was encountered. 

Early this year the Marathon County Board decided that it 
would be necessary to tear out and replace all the water piping 
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USE OF INHIBITORS IN CLEANING METALLIC PIPE 


By ALLEN ABRAMS* and C. L. WAGNER* 
Rothschild, Wis. 


in the Mount View Sanatorium due to the fact that it was so 
stopped up that it was impossible to get an adequate water 
supply through the system. When the matter was brought to 
our attention we suggested that an attempt be made to clean 
several lengths of this pipe and a decision could then be made 
as to the further course to be pursued. 

Twenty-five gallons of 14 per cent muriatic acid were treated 
with 3 per cent, by volume, of the inhibitor.*** The treated acid 
was placed in a barrel to which was connected the suction of 
a small rotary pump. The acid was then forced upward from 
the basement to the second floor through a length of one-inch 
pipe, thence through a cross-over and down through another 
length of pipe to the basement. The returning acid passed 
through a fine screen to remove any dislodged particles and 
thence to the solution barrel. 

At the beginning of the test a considerable amount of solid 
material was dislodged from the pipes and it was almost im- 
possible to force the acid through. The pipes were then opened 
on the second floor, the acid mixture was poured in and al- 
lowed to flow by gravity until the pipes were filled. The bot- 
tom openings were plugged, the acid allowed to stand for eight 
hours and the acid withdrawn and the pipes thoroughly flushed. 
Examination indicated that the scale had been practically com- 
pletely removed. 


Control Procedure 


In order to determine how effectively the cleaning was bein 
done, three 6-inch lengths were cut from a l-inch pipe, whi 
was so clogged with rust and dirt that it was barely possible 
to get a pencil into the opening. One of these pipes was re- 
tained without treatment and the other two were connected. in 
the circuit through which the acid was being pumped. At the 
end of about two hours one length of pipe was removed and 
found to be almost completely clean except for small patches 
of rust on the walls. After ten hours the other length of pipe 
removed for examination proved to be entirely free of rust and 
scale and there was no apparent action on the metal itself. 

In the cleaning operation approximately 2,800 feet of pipe were 
treated, ranging from % inch to 4 inches in diameter. Estimates 
by George Baumgardt, who was in charge of the plumbing work, 
showed that the total labor costs were $870, while the cost of 
acid and inhibitor was approximately $20—a total of $890. Mr. 
emg estimated that the cost of replacing the piping would 
ave been: 


Galvanized pipe fittings and valves...............+5. $1,000 

A Te ND oid es cnmsnmenkek ened 5,000 

Plaster, concrete floor and repainting................ 2,500 
WE bobkdecsdetasennneoseness pamecin eeaneeakake 5 





*Department of Research and Development, Marathon Paper 
Mills Co., for which the senior author is Technical Director. . 
Waener is chemist. : 

**“Removing Rust from a System with Piping Acid,” F. N. 
Speller, E. L. Chappell and R. P. Russell—Chem. and Met. Engi- 
neering, July, 1927. 





***Inhibitors are available, from several of the larger chemical 
companies—Barrett & Co., Monsanto Chemical Co., ral 
Chemical Co., et al. 








Effect of Altitude on Pumps 


When a pump is operated at elevations above sea level, the 
lower atmospheric pressures encountered have a double effect on 
the pump performance. 

1. The lower atmospheric pressure cannot support as high a 
column of water so that the maximum practical suction lift 
decreases, 

2. The lower atmospheric pressure reduces the horsepower 
output of the gas engine, thus causing it to lose speed which 
results in a loss of capacity and discharge head of the pump. 

At elevations above sea level, the suction lift on the pump 
should be reduced accordingly to insure that the same amount of 
water can get into the pump as would get in at the equivalent sea 
level lift. The following table gives equivalent suction lifts for 
various elevations. 





Altitudes -— Suction Lifts in Feet——, 
8 er re eer 15 20 25 
RS, Sie dha a: uchahediel eters edo ookaco ate 8.8 13.2 17.6 22 
I tea Sota ale Wind hee bia tie ei 7.8 11.7 15.6 19.5 
CE Tidiiiws ccte ec ehceecamh aren ah 6.9 10.4 13.8 17.3 
I cies cd kar re bg kw olay 6 ee ea ere 6.2 9.3 12.4 15.5 


"— G__itratoaapeate ete soa abeben gaictagct 5.7 8.6 11.4 14.8 

When a gas engine driven pump is operated at elevations of 
4,000 ft. or over, the engine should be equipped with a high 
altitude head. However, even with_a special cylinder head, there 
is still a power loss of approximately 3 per cent for every 1,000 
ft. of elevation. This will result in a loss of speed, and a loss 
of pump performance. The following table gives the loss in per- 
formance that can be expected at various elevations. 





Percentage Percentage 
: of Sea Level of Sea Level 
Altitude Discharge Head 

Percent —~ 
SL EE, int beskee etn bids ve beeeceNe ce 1 100 
PN 6 cit brea a nde a Maha te eck eased Ge it 97 95 
EE. GANSe OES SE RCRA ES Edeea ae Kukes 95 91 
RS Sei wiht © winnaar Bie Sk wale nko eGo 93 87 
Esau Sebo Ade hbd40 beds wes ddioks 91 83 
ET SE 6a be waanchaneuenssdavnswtuenen nes 88 78 
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(Casons 


why water supply systems 
use CALGON* 





@ Calgon controls corrosion 





Q) Calgon stabilizes water following lime softening 





(3) Calgon prevents scale formation on heating 





@) Calgon prevents precipitation of dissolved 


iron from well waters 


—and in all of these uses, Calgon requirements are only a few parts per million. 


See the Calgon reference and data page in this section; write for full informa- 


tion concerning your specific problems. 


*T.M. Reg. U.S. Pat. Off. 


8, calgon, ine. 


CALGON A SUBSIDIARY OF HAGAN BUILDING 
HAGAN CORPORATION PITTSBURGH 30, PA. 





W. & S. W.— REFERENCE & DaTa — 1946 





AT 

witl 
rosion CC 
puge nV 
ered 10 
the serv! 
rites of 


id 10 
eonomic 
Reseat 
metals | 
factors 
phenome 
have lec 
many of 
process 
and poti 
These m 
resistant 
elements 
mine, af 
made of 
glass, ce 
other Of 
chemical 
to induc 
is also 
systems. 


Eftect of 


Temp 
corrosio! 
ghasized 
failures 
tanks. V 
systems 
about te 











1S 


Ip. 








ATERWORKS engineers are faced 
W vith an extensive program of cor- 
‘on control in an effort to conserve the 
. investment in ferrous metals encoun- 
a in water distribution systems and 
te services of consumers. The great quan- 
‘ties Of water used, together with the 
mand for a low unit cost of water, have 
ij to the search for an effective and 
«onomical means of corrosion control. 
Research in the field of corrosion of 
metals has disclosed many of the basic 
actors which govern the electro-chemical 
phenomena involved. These researches 
ave led to certain methods of control, 
nany of which are applicable to industrial 
rocess waters where cost of prevention 
ind potability are not governing factors. 
These methods include the use of corrosion 
resistant metals and alloys involving the 
elements of copper, nickel, silver, chromium, 
rine, and others. Extensive use is also 
nade of the lining of metal surfaces with 
glass, cement, enamel, plastics, rubber, and 
gher organic materials. The addition of 
chemicals such as chromates to the water 
to induce passivity of the metal surface 
s also used in many industrial water 


systems. 


Effect of Temperature 


Temperature plays a vital role in the 
corrosion of ferrous metals. This is em- 
shasized by the great number of repeated 
filures in domestic water heaters and 
tanks. West! has shown that in closed 
systems the rate of corrosion activity is 
about ten times as rapid at 180° F. as at 





By ROLF ELIASSEN 


Prof. of San. Engr., New York University 


50° F. At 210° F. it is ten times the rate 
at 180° F. If the hot water systems are 
of the open type so that oxygen and carbon 
dioxide gases may escape to the atmos- 
phere as the temperature rises, the change 
of corrosion activity assumes different 
characteristics. Friend’? has shown that in 
an open system, despite the decrease in 
oxygen concentration with temperature 
rise, the rate of corrosion increases to a 
maximum near 176° F., after which it 
decreases until at the boiling point the rate 
is practically zero. Most of the domestic 
water systems in use throughout this coun- 
try are of the closed type, with little oppor- 
tunity for the release of dissolved gases. 
Many systems are uncontrolled to the ex- 
tent that temperatures rise almost to the 
point of boiling. The need for additional 
research on the control of corrosion at the 
higher temperatures ranging between 150° 
F. and 200° F. is a vital one. 


Dissolved Oxygen Removal 


One of the most effective means of pre- 
venting corrosion is to remove the dissolved 
oxygen. Two practical methods of oxygen 
removal involving deaeration are common- 
ly practiced. One method is to heat the 
water to a point just below boiling and 
vent the released gases to the atmosphere. 
At this temperature the solubility of gases 
in the water is virtually zero at atmos- 
pheric pressure. The cost of heating and 
subsequent cooling would be prohibitive 
for large systems. 

The other method is to pass the water 
through an evacuated chamber, either with 


a 

















* 





Pitting—The Result of Localized Corrosion 
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CORROSION CONTROL IN POTABLE WATER SYSTEMS 


or without heat being added to the water. 
Vacuum deaeration could be accomplished 
without much additional cost at a treat- 
ment plant and would protect distribution 
mains as well as the pipes and equipment 
of the using agencies. This method of 
deaeration when practiced by the individual 
consumer, might involve repumping of the 
water. Economic studies would be neces- 
sary, to determine the applicability of these 
methods of oxygen removal. 

Oxygen may also be removed by a 
process known as deactivation’. The water 
is passed over beds of scrap iron or steel 
to induce oxidation of the iron and con- 
current deoxygenation of the water. Other 
reducing agents such as sodium sulphite 
can be used for deactivation. Further treat- 
ment is frequently required to remove 
suspended or colloidal material, thus in- 
volving additional expense which must be 
charged to corrosion control. 


Protective Coatings 


Some of the greatest possibilities for the 
economical solution of the corrosion prob- 
lem will be found in the provision of pro- 
tective coatings on the metallic surfaces in 
contact with the water. Some of the in- 
expensive coatings have been known to 
deteriorate with use and cannot be renewed. 
When this takes place the surface of the 
metal is exposed to the corrosive action of 
the water. Zinc coating of pipes, as in the 
galvanizing process, is typical of the coat- 
ings in this category. Other coatings, while 
they may last indefinitely, may be too ex- 
pensive for adoption by the water works 
profession. The ideal coating should be 
economical and either durable or easily 
replaceable. 

Many attempts have been made to form 
a calcium carbonate coating on metallic 
surfaces. This is most frequently accom- 
plished by raising the pH with soda ash or 
lime. It must be emphasized that increase 
of pH alone will not assure protection 
against corrosion in the ranges of pH met 
with in potable water supplies. Wilson* has 
shown that pH has little influence on the 
rate of corrosion between the values of 5.0 
and 11.5. In this range the concentration of 
dissolved oxygen in the water is the prin- 
cipal factor influencing corrosion. 

Raising the pH may induce the forma- 
tion of a calcium carbonate scale provided 
sufficient calcium and carbonate ions are 
present to form a precipitate. The satura- 
tion index of Langelier® and the stability 
index of Ryznar* are useful in determining 
the necessary dosages of chemicals to per- 
mit the precipitation of calcium carbonate. 
The mere existence, however, of conditions 
which would permit scale formation does 
not necessarily signify that a protective 
scale will be formed on the pipe. The 
indices do not take into account the rate of 
scale formation. Ryznar* states that the 
“index does not indicate how much cal- 
cium carbonate will deposit; whether a 
state of supersaturation will be present 
which will be great enough to produce a 
precipitate; and whether it is great enough 
to give a protective film.” 

It is conceivable that the rate of forma- 
tion of tuberculated surfaces composed of 
the products of corrosion may be greater 
than the rate of formation of the coating 
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of precipitated calcium carbonate. In_this 
case little protection will be afforded. Dan- 
gers are also inherent in the scaling of hot 
water heaters and other units in which the 
temperature of the water is raised. In their 
extensive studies on control of corrosion at 
Army posts, Kessler and his colleagues’ 
have found that the porous nature of the 
calcium carbonate deposit permitted severe 
pitting and localized corrosion to take 
place under the coating. Thus, the value of 
this approach to corrosion control is open 
to question, more particularly in hot water 
systems than in cold water systems. 


Research has been conducted by many 
experimenters with the goal of finding a 
chemical which might be added to the water 
in minute quantities to form a protective 
film over all metallic surfaces exposed to 
the water. The most important property 
of the desired chemical is that it shall 
have no effect on the potability of the 
water either from the physiological or the 
palatibility standpoints. The film or coat- 
ing must be formed after the pipe is in 
place and be maintained by continuous or 
intermittent treatment of the water. 


Sodium Silicate Films 


Sodium silicate was one of the first 
chemicals which research disclosed would 
be useful in controlling corrosion in potable 
water systems. Speller and his associates’ 
carried out extensive work on the use of 
this chemical. Their experiments showed 
that 40 ppm. of SiOz would reduce cor- 
rosion by 85 per cent in a period of fifteen 
days with Pittsburgh water at 110° F. 
Many others have obtained similar results. 
Stericker”™ attributes the success of silicates 
to the formation of a film on the surface of 
the metal by interaction with the ferrous 
hydroxide formed as the ferrous ion leaves 
the metal. Formation of the film is usually 
a slow process requiring about a month 
in many waters. 


It should be understood that control does 
not imply complete protection. Usually it 
involves a high percentage of decrease in 
the rate of corrosion and tuberculation. 
Vail’ explains that the film is a slightly 
permeable gel and the transfer of oxygen 
from water to metal does not entirely cease 
with the formation of the film. The coat- 
ings, however, are usually evenly dis- 
tributed, dense and adherent enough to :e- 
tain the ferrous hydroxide concentration at 
the metallic surface sufficiently high to 
interfere with the passage of oxygen from 
the water to the metal. The presence of 
calcium or magnesium salts in the water is 
believed to facilitate the formation of the 
coating. 

Experience at Army posts* has shown 
that sodium silicate can be relied upon to 
achieve corrosion control with many types 
of corrosive waters. For the average water, 
sodium silicate having th: composition 
NaeO: 3.25 SiOs and a specific gravity of 
40° to 42° Baume’ has been found most 
desirable. The pH of the water after addi- 
tion of sodium silicate should lie between 
8.0 and 10.6, the upper limit prescribed for 
potable water supplies by the U. S. Public 
Health Service”. If a pH of 8.0 cannot 
be attained by feeding the above silicate, it 
would be advisable to add a more alkaline 
silicate such as NasO: 2SiOz or an alkaline 
compound such as soda ash or caustic soda 
along with the silicate. 

Initial dosages should be in the order 
of 12 to 16 ppm. (as SiO:), except in 
waters high in natural silica, in order to 
satisfy the high adsorptive demand of the 
metallic surfaces. After a month, or when 
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Protective Coating Stops Corrosive Action 


a film starts forming in the remote parts of 
the distribution system, the dosage may be 
reduced gradually to the point where a 
residual of at least 1.0 ppm. above the 
natural silica content of the water can be 
detected in the far end of the distribution 
system. The mere presence of residual 
silicate is not enough to assure the forma- 
tion of a coating, but the residual is neces- 
sary for the coating to be developed and 
retained. 

Turbulent flow characteristics should 
prevail in the pipes in order to assure 
silicates being in contact with the pipe sur- 
faces. Field observation of the metallic 
surfaces is essential to determine the degree 
of protection obtained. When the coating 
has formed, the final rate of feed may be 
reduced to a value as low as 4 to 8 ppm., 
or sufficient to maintain the coating at all 
times. Where water is heated to high tem- 
peratures, a greater dosage may be re- 
quired. 


Polyphosphates as Inhibitors 


Phosphates of certain types have been 
recognized as corrosion inhibitors during 
recent years. The phosphates most com- 
monly used are the molecularly dehydrated 
polyphosphates known as sodium hexameta- 
phosphate, (NaP@s:)s, and sodium septa- 
phosphate, NasP:Ox. The formula for the 
latter may also be written as NaO: 
(NaPO;); showing that it is slightly more 
alkaline than the metaphosphate, but of 
similar composition. Hatch and_ Rice” 
claim that protection is achieved through 
the formation of a film on the metallic sur- 
face by adsorption of the metaphosphate 
from solution. Formation of the film does 
not take place rapidly, often taking a 
month to appear in the remote parts of the 
water system. It has been shown by Rice” 
that the results obtained will be propor- 
tional to the actual total quantity of meta- 
phosphate passing over an area of metallic 
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surface each day rather than the conceniyy. 
tion of the chemical in the water. For this 
reason turbulent flow in the pipe is produ. 
tive of best results. 


Once the film is formed, reversion of the 
metaphosphate to orthophosphate takes 
place gradually. The latter is not effective 
in corrosion control. Sufficient metaphos- 
phate must be present in the water to 
replace the orthophosphate which leaves 
the metal. The same holds true for the 
septaphosphates. Control of pH has mt 
been found necessary as the chemicals have 
proven effective within the range of pH 
found in most natural waters, from pH 52 
to 10.6. 


As with silicates, the control is not 
usually perfect to the point of complet 
protection from corrosion, but the redu- 
tion in the rate of corrosion may be ex- 
tremely high with many waters. This is 
verified by the report of the AWWA Con- 
mittee on Water Conditioning Methods to 
Inhibit Corrosion™. After their exhaws- 
tive survey of this subject. their conclusions 
were, “In ferrous metal piping systems 
the use of metaphosphates will nearly 
always eliminate, or at least minimize, th 
outward manifestations of corrosion, pat- 
ticularly red water and tuberculation.” It 
should be emphasized that the absence ot 
red water alone is not the criterion of cor- 
rosion control. Chemists have shown™ that 
the polyphosphates will combine with th 
iron in the water to form soluble complex 
phosphate ions and thus mask the evident 
of corrosion as far as the appearance of 
the water is concerned. To be considered 
successful the chemical must form a protec- 
tive coating which will minimize the loss ¢ 
metal from the surface in contact wit 
the water. 

The author and his associates have 
utilized the polyphosphates for corrosio 
control at many locations on the Atlantic 
and Pacific coasts where corrosive waters 
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TEST LOOP SHOWING 
ARRANGEMENT OF SEVEN I2-INCH TEST PIPES 


ue prevalent. With steel piping it has been determine the conditions under which these 
found desirable to start the feeding at a chemicals can be used in the control of 
rate of from 6 to 12 ppm. of the polyphos- corrosion. 

phate. The higher value is necessary where 

water is heated to 185° F., which is the Proportional Feeding and 

required temperature for disinfection of Test Loops 

tableware. Tests by Morgen and Swoope” Proportional feeding of the inhibiting 
show that between pH 7 and 9 a good chemicals plays an important part in the 
percentage of the polyphosphates may re- success of corrosion control. Hypochlor- 
vert to orthophosphates in 24 hours. inators of various types have given excel- 
As the film develops the dosage may be lent results in feeding solutions of phos- 
cut back to the point where sufficient poly- phates and silicates. These feeders may be 
phosphate is present in the water to give either the simple hydraulic displacement 
a residual of at least 0.5 ppm. of the type for low flows or the plunger and 
meta- or septaphosphate at the far ends diaphragm types for higher flows. Fre- 
of the distribution system. In some in- quent cleaning and flushing is desirable in 
stances the final dosage to secure effective order to prevent clogging of the apparatus. 
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tion of minimum dosage can only be made 
by frequent observation and analysis of 
these test pieces. At the present time there 
is no other economical method as effective 
as this easily comprehended scheme in 
guiding the water works operator in the 
selection of the treatment or the amount 
and type of chemical to be used for the 
control of corrosion at any point in the 
water system. 


Summary 


On the basis of experience with many 
corrosive waters, the author believes that 
the accompanying table summarizes the 
average trend of chemical feeds which 
have given good results. Specific cases may 
vary appreciably from these average values. 
Actual control of chemical feed for any 
particular system must be based upon 
chemical tests of the water to determine 
the residual concentrations of the effectual 
chemicals at the ends of the distribution 
system. These residuals must be correlated 
with observations of results on the pipes 
themselves as evidenced by the examination 
of test pipes located at critical points in the 
system. 

Remarkable strides have been made in 
this relatively new approach to the cor- 
rosion control problem. Extensive research 
and correlation of experimental data and 
field observation still remain to be accom- 
plished before a satisfactory solution can 
be found for the protection of metallic sur- 
faces in contact with water of any 
specific chemical makeup. Sanitary en- 
gineers should follow closely the develop- 
ment of new compounds for the possi- 
bility of application toward the solution of 
this problem. Analysis of the many dif- 
ferent and unusual properties of the newly 
discovered silica-organic compounds, the 
silicones, may lead to one or more com- 
pounds which will give more positive con- 
trol than presently obtainable with phos- 
phates or silicates. The goal for which the 
waterworks profession is striving is the 
exact answer to the question of how much 
of what chemicals must be added to any 








control of corrosion may be as low as 2 

ppm. in lines carrying cold water. More Chemical Dosage for Corrosion Control 

generally a dosage between 2 and 6 = -_ Dosage Minimum Treated Water 
is required. Where maximum protection Basis of Initial Final . Residual H 

is necessary at 185° F. the ultimate feed Chemical Analysis ppm. ppm. ppm. Min. Max. 
may be even higher. Determination of 

ini in I i cctnncemsnnesiesic SiO» 12-16 4-8 1.0 8.0 10.6 

ninimim dosage depends upon residual Sodlum sileate------ SO), Weg BAR RNS 

metaphosphate present and observation of Sodium septaphosphate ..........--. NasP:O2 6-12 2-6 0.5 5.2 10.6 

actual results on the metals in contact with Tetrasodium pyrophosphate ........ NauPOr 6-12 2-6 0.5 5.2 Y 





the water. 

Many other types of feeders can also be 
utilized, but solution feed at a rate propor- 
oa tional to the flow is recommended for most 
separates and silicates — been consistent results. 

added together in some cases of corrosion . 

control where feeding each chemical sep- Test loops provide the — os 
arately did not give the protection desired. | ™eams of vee Pg the - <p < 
This combination is particularly desirable Protection obtained a . and cold wa a 
where the water has a scaling tendency ‘S€rVICes. It is essential that test pipes -- 
which will lead to clogging of pipes when typical metals used by water Sat ta i 

silicate is used alone. Dosages would be installed at critical points served by the 
somewhat less than for each chemical alone Water utility, particularly at the ends of 
and can best be determined by experiment. the system remote from the point or points 
The author has obtained good results using f chemical feed. 

2 to 4 ppm. phosphate and 8 to- 12 ppm. The accompanying diagram shows a 
silicate on corrosive waters. simple layout which permits the pipes to 
Tetrasodium pyrophosphate has been be subjected to the actual conditions of 
wed successfully in the mitigation of cor- temperature and flow characteristics en- 
fosion with dosages (anhydrous basis) sim- countered near the critical point at which 
t to those employed with metaphos- protection is desired. The test pipes can be 
phates. Some authors® have reported on the taken down at any time without interfer- 
use of a mixture of pyrophosphate and an ing with the supply of water. As many 
organic material derived from the fermenta- _ test pieces as desired can be installed in a 
tion of certain plant juices. Sufficient ex- loop of this type. The important factor is 
perimental data and reports of field experi- the periodic observation of the coating 
ence are not available on the use of either developed and the degree to which pitting 
pytophosphates or organic compounds to and tuberculation are arrested. Determina- 


Combination Treatments 
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specific water to assure control of corrosion 
in a particular water system. 
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EQUIPMENT FOR THE COLORIMETRIC ANALYSIS OF WATER, SEWAGE, AND 
INDUSTRIAL WASTES 


HELLIGE COLORIMETRIC COMPARATORS employ glass color 
standards which are non-fading, and therefore permanently rej 
There is no doubt whether these standards are “still good”; there is NO 
GUESSWORK. Hellige glass color standards never fade or change, neve 
fail. Being made of colored glass, which has, for other uses, maintained its 
color stability for ages, they are the only standards which can logically 
a lifetime guarantee of accuracy. Glass standards are economical: boy 
once, they serve for practically an unlimited period, and thus quickly pay fo, 
themselves by the saving of time, chemicals, replacement cost, and othe 
expenses encountered in the use of liquid standards. The standards occupy 
a minimum of space, and are the easiest to manipulate. 


Tee | 


7 
uo!’ 





The comparators, with which the glass standards are used, are unique in 
design, and offer more conveniences than any other similar testing outfits. 
The improved model of Hellige Aqua Tester is shown at the left. The in- 
clined construction for working in a natural sitting position, color fields in 
juxtaposition, and Nessler tubes with plano-parallel bottom plates are some features of this improved water tester. 

The three small illustrations show the Hellige Pocket Comparator. It is the handiest and smallest instrument 
ever brought on the market for accurate hydrogen ion measurements and water analysis. The durable corrosion- 
resistant housing holds all parts necessary for a test, as revealed by the left and right hand illustrations which show 
the comparator with front and rear covers opened. The size of the complete apparatus is only 334 x 334 x 1%”. 
‘or both comparators, glass color standards are available for all popular pH indicators, and for the determination 


of color of water, ammonia nitrogen, nitrate nitrogen, chlorine, iron, dissolved oxygen, manganese, lead, phosphate 
silica, and sulphides. 





The HELLIGE TURBIDIMETER 


A Turbidimeter Without Standards for Water Analysis and Sulfate 


Determinations 


This apparatus is based on the 
comparison of the Tyndall effect on 
the test liquid with a beam of light 
passing through the same suspet- 
sion. Therefore, the use of stand- 
Illustrations show the observation fields: the one inthe ard suspensions which are tedious 
center shows the balanced fcld, afterthe proper ad to prepare, and do not retain thei 
end ones show the unbalanced fields. original value, 1S entirely overcome. 

The comparison fields are distinctly 
differential so that measurements can be made with utmost convenience, sif- 
plicity, and speed, and correct results are obtained by anybody without special 
training for this type of work. Tubes of different liquid depths are available 
for turbidity measurements from 0 to 150 p.p.m. SiOe, and sulfate determina- 
tions from 0 to 100 p.p.m. SQ,. 





Write today for informative 28-page Bulletin No. 602 


W. & S. W.— REFERENCE & DATA— 1946 








Sodium 
In pre 
lution o 
is speci 
075 ml. 
volume. 
solution 
which ¢ 
Sandell 
arsenate 
ing its 
since 0 
tion-rec 
arsenat 
colorati 
expecte 
ference 
In of 
cent sc 
tilled 
orthote 
two h« 
produc 
lent tc 
minute 
tine in 
tion of 
false r 
due to 
*Dir. 
Supply 





Color 


s NO 
Never 
ed its 


Ought 
LY for 


CCupy 


e in 
tfits, 
: in- 
$ in 
ster, 
nent 
ion- 
now 
Vl 
tion 
late 


he 
on 
ht 


us 
if 
e. 
ly 
l- 


je 


well known that the orthotolidine 
test for residual chlorine is subject to 
coloration and consequent error in the 
ce of nitrites, and oxidized man- 
— These effects can be avoided, how- 


TIS 


f by auxiliary use of sodium arsenite 
mio, according to a method developed 
” Hallinan.” 


‘gm arsenite, introduced before the 
jidine reagent, prevents color for- 
by chlorine and chloramines, but 








not inhibit false colors caused by in- 
ing substances. yg ee by a 
itude of the interference, or by 

: aavalent arrangement of the liquid 

in a comparator, a suitable correction 
an be applied in order to obtain the true 
residual representing chlorine and chlora- 
mines together. hdagh 

When the sodium arsenite solution is 
sided immediately following the flash color 

weed by free chlorine with orthotoli- 
dine, the slowly developing color represent- 
ag chloramine residual is blocked. Evalua- 
ton of chloramines may then be made sub- 

gracting the value of free chlorine, i.e., 
he “flash” value, from the five-minute 
reading taken with orthotolidine in the 
usual way. 

In a variation of this test proposed by 
Grifin’ the corresponding false color in an 
arenited orthotolidine mixture is sub- 
tracted from the flash and the five-minute 
radings of a conventional orthotolidine 
test to determine the free chlorine and the 
total chlorine, respectively. This paper 
presents a slightly modified reagent,” * a 
implification of procedure to enable a full 
wt of observations from a single com- 
parator setup, and’ demonstrates certain 
Sgr values that the interference, 
itself, yields. 


Sodium Arsenite Reagent Characteristics 


In previous directions’ a 0.5 per cent so- 
lution of sodium arsenite in distilled water 
is specified for use in the proportion of 
075 ml. of solution per 15 ml. sample cell 
volume. Due to alkaline hydrolysis such a 
solution has a pH value exceeding 10.0, in 
which condition, according to Kolthoff and 
Sandell,* the arsenite is slowly oxidized to 
arsenate by contact with air, thereby reduc- 
ing its strength some slight amount. Also, 
since orthotolidine is primarily an oxida- 
tion-reduction indicator, the presence of 
arsenate might be expected to cause false 
coloration by the very reagent which is 
expected to permit correction for inter- 
ferences. 

In order to test this possibility a 0.5 per 
cent solution of sodium arsenite in dis- 

ed water was aerated, and tested with 
orthotolidine at intervals. At the end of 
two hours’ aeration the orthotolidine test 
produced a slowly forming color, equiva- 
lent to about 0.02 ppm. chlorine on 10 
minutes’ standing, and 0.06 ppm. as chlo- 
fine in half an hour. A four-day-old solu- 
tion of sodium arsenite also gave a small 
false residual. Strangely, this effect is not 

e to the formation of sodium arsenate 


‘Director, Sectional School on Water 
Supply and Sewage Treatment. 
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DIRECT READING ARSENITE-ORTHOTOLIDINE TEST 


In Which Interference Readings May Also Be Utilized 


By A. A. HIRSCH* 


State Department of Education, Baton Rouge, La. 


because a 0.5 per cent sodium arsenate _To prepare the sodium arsenite reagent, 
(NasHAsO,.7H;O) solution did not form dissolve 10 g. of sodium metarsenite 
a color with orthotolidine reagent. (NaAsO, mol. wt. 129.93) in 900 ml. of 


From these observations no explanation distilled water; neutralize with hydro- 

for the mechanism of threshold interference  Chloric acid to the methyl orange end point, 

through the sodium arsenite itself is ven- sing the indicator externally on a drop 

tured, except to note its occurrence as a — and dilute to a liter with distilled 
water. 


fact. 
Preparation of Sodium Arsenite Reagent Simplified Procedure for Comparator Test 
In order to prevent the oxidation of This technique is based on the repression 


sodium arsenite on long standing, the solu- of color by sodium arsenite, except for the 
tion should be neutralized or slightly acidi- interferences, and the differential develop- 
fied." After this precaution was taken, ex- ment of free chlorine and chloramine resi- 
perimental aeration of the solution did not duals. Directions are stated for a popular 
cause a false color to form when tested comparator which holds a 15 ml. sample 


with orthotolidine. volume, but the proportions apply, in pro- 
__Additional advantages of a slightly acid- portion, for other instruments. 
ified solution are the prevention of a silic- Referring to the accompanying figure: 


ious precipitate from the glass container In the left hand cell place the regular or- 
and the maintenance of a full acid reserve thotolidine test mixture, consisting of 15 
of the orthotolidine reagent to stabilize the mil. of water sample and 1 dropperful (ap- 
pH value of the reaction mixture for proximately 0.75 ml.) of orthotolidine re- 
optimum color characteristics. In a test agent. Instead of untreated water in the 
on tap water (alkalinity 140 ppm. pH 7.8) compensation cell to the right, in line of 
neutralized sodium arsenite solution per- sight with the graded series of colored 
mitted a slightly faster rate of color devel- discs, place the inhibited mixture consist- 
opment from interference than did alkaline ing of 15 ml. of water well mixed with 
sodium arsenite solution. one-half dropperful (approximately 0.38 

A doubling of the sodium arsenite con- ml.) of sodium arsenite solution; next add 
centration is advisable to minimize dilution one dropperful of orthotolidine. This cell 
errors when using arsenited samples as ais best prepared first so that attention is 
blank. In a 15 ml. comparator cell, the freed for quick introduction, mixture and 
error caused by 0.75 ml. of arsenite solu- flash reading of the straight orthotolidine 


tion, as previously recommended,’ is 5 per cell at the left. 











cent, which figure may limit accuracy of The flash reading, taken within ten sec- 
readings in the range of good color dis- onds, gives the free chlorine concentration 
crimination. directly, with instrumental correction, for 
Readin Interpretation 
ry eae J |Color Representations | of ise 
reading 
Free chlorinel pp; 
apid Free 
Immediate |Rapid Interferences , 
Interferences chlorine 
. free chlorine Free 
5 minules Chloraminest inter ferences =e 
Interferences chloramines |, 






















Sample with 
sodium arsenite 
and orthololidine 


Colored discs 


Sample with 
orthofolidine 


Compara/or 


body fyep/iece 


Arrangement of Test Cells in Colored Disc Comparator for Direct Readings with Sodium 
Arsenite-Orthotoldine for True Chlorine and Chlorine Compound Residuals 
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TABLE I 


Partial Results of Arsenite-Orthotolidine Tests at Lake Charlies, La., Activated Siudge 
Plant to Show Effect of Nitrites 














Corrected 

Chlorine 
Residuals Interferences 

ppm. ppm. 
Five Imme- Five 
Liquor » Flash Min. diate Min. 
Final settling tank effluent (before chlorination)............ 0 0 0.06 0.11 
Plant effluent after chlorination— 

As formerly controlled with orthotolidine test............. 0 0 0.07 0.12 
After raising chlorine dOSage.......ceccecceeeereceseceerees 0.04 0.07 0.08 0.11 








rapidly forming interferences. After wait- 
ing for five minutes, a similar reading 
shows the total chlorine, both free and 
combined, likewise corrected for corre- 
sponding delayed false colors. Chloramine 
chlorine is calculated by difference between 
total chlorine and free chlorine. 

To evaluate the interferences the ar- 
senited mixture is moved into the com- 
parator space to the left, and matched with 
the discs. Ordinarily, for this part of the 
procedure an untreated sample in the right 
hand position is unnecessary, unless the 
specimen is turbid or has natural color. 

For assurance of full color development 
in all cells, the temperature of the samples 
should not be lower than 70° F. Free 
chlorine residuals flash color as low as 40° 
F., but if the water is chilled near the 
freezing point, this reaction also is retarded. 


An analagous arrangement may be set 
up in the solution-standard-rack type of 
comparator by replacing the blanks for un- 
treated water sample with arsenited-ortho- 
tolidine mixtures. 


Applications 


The direct reading arsenite-orthotolidine 
test appears to have a number of applica- 
tions. The following discussion sets forth 
several situations in which this test does 
now or may find applications. 

As previously indicated, the sodium ar- 
senite protected orthotilidine test is useful 
and sometimes indispensable, whenever sig- 
nificant amounts of manganese, iron or 
nitrites are present in the sample. 


In well water supplies, high in iron or 
manganese, the indicated residual by the 
conventional orthotolidine method is always 
erroneously high in samples taken close to 
the point of chlorination. Further out in 
the system, after these minerals have pre- 
cipitated, the interference disappears. 

In iron removal plants in which chlorine 
is used as the oxidant, the residual reading 
in the early stages of coagulation is too 
high due to interference of ferric iron still 
trailing in solution. This reading is im- 
portant, since the control of chlorination 
is frequently based on it. Manganese be- 
haves similarly. 


Nitrites are likely to interfere in the 
chlorination of remotely polluted  sur- 
face supplies, and in the effluent from 
filter beds containing certain nitrifying 
bacteria, especially when the raw water 
is high in ammonia or is given chlor- 
amine treatment prior to filtration. 

Paramount interest lies in the control of 
chlorination in sewage treatment plant 
effluents from activated sludge or trickling 
filter units. Here the nitrites are sufficient- 
ly high to form a completely deceptive 
color following a low marginal chlorination, 
as frequently used. This exact color may 
also form with the unchlorinated final set- 
tling tank effluent. A real chlorine color 
is obtained only when the dose is boosted 


sufficiently, and controlled by the arsenite- 
orthotolidine method. 

The close agreement between simple 
orthotolidine coloration in unchlorinated 
effluent and the arsenite-orthotolidine color 
in the same liquor following light chlorina- 
tion constitutes assuring proof of the 
validity and the value of the arsenited test. 
Without correction for interference, the 
orthotolidine test for control of chlorina- 
tion of sewage treatment effluents and 
nitrogenous trade wastes may be utterly 
worthless. A partial tabulation of results 
obtained in a study at the Lake Charles, 
La., sewage treatment plant, of interest 
in this connection, is given in Table I. 


Utilizing the False Residual Values 


While interferences are detrimental to 
the accuracy of the uncorrected orthotoli- 
dine test, they still are useful as rough or 
crude measures of the causative substances. 
Interferences may be measured in the 
arsenite-treated sample followed by ortho- 
tolidine, as described in the procedure. 


In iron removal plants, the presence of 
unstable ferric ions is demonstrable only 
near the inlet of the settling basins; this 
fact may be taken as evidence of efficient 
oxidation. Persistent false color through 
an otherwise satisfactory plant may point 
to the concurrent presence of manganese 
slowly oxidizing at sub-optimum pH values. 
Disappearance of interferences in the dis- 
tribution system is associated with deposits 
of iron or manganese in the mains. Table 
II shows such a succession of values ob- 


* 

tained at the Lake Charles 
plant and distribution pan . 

Nitrite interferences are hj 
in following the degree of Oxidation ssela 
the course of secondary treatment uni 
in the quick evaluation of eff SS and 
appreciable interference is ex ed An 
well functioning disposal plant emp =e 
secondary treatment. Preliminary pring 
the Lake Charles activated sludge - 
seemed to enable correlation between Lary 
factory operation and the strength da 
false residual. & 


catmen 


Summary 


This paper proposes that sodi . 
solution be mildly acidified: (1) to met 
a possible trace of false residual due tp 
unexplained oxidation, (2) to avoid 
silicious deposits from common glass bot. 
tles, and (3) to maintain the original ag 
reserve in the orthotolidine reagent to 
buffer the color reaction. It is Proposed 
that the concentration of sodium arseni 
be doubled to reduce the dilution efror to 
a negligible amount. 

It is also proposed that the sodiu 
arsenite-orthotolidine test be used instr, 
mentally to yield direct readings for free 
chlorine, total chlorine (both free and com. 
bined), and interferences in a single set of 
determinations. 

It is also believed that interferences may 
be serviceable in themselves as a by-product 
of the test; the iron and manganese error 
may be used to observe their removal ina 
treatment plant, and the nitrite error may 


be used in evaluating quality of sewage 


plant effluents. 
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TABLE II 


Arsenite-orthotolidine Tests at Lake Charles, La., Water Treatment Plant to Show 
Effects of Iron Removal and Subsequent Ammoniation 
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aeration) 
Settling basin effluent 


Filter influent (after 0.7 ppm. ammonia added).......... . 


Filter effluent 
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1% mile 
1% mile 








Corrected 
Chlorine 
Residuals Interferences 
Five Five 
Flash Min. Flash Min. 
pom ppm. ppm. ppm. ppm. 
vebbowaaesieeee 0 0 0 0 
niwhe 2.8 
(awa 0.45 
— 
ous 28 
déimiee 6.9 
m. and 
susie — ivoce ee 0.90 0.06 0.13 
a a ity Sos dc cdi i bse 0.80 0.80 0.11 0.14 
0.40 0.80 0.11 0.13 
ieabew us 0.22 0.70 0.06 0.07 
m 
ee = aval 0.20 0.70 0.03 0.04 
carewe 0.15 
ctireee 0.07 
eqhies 130 
eer 8.0 
phan teeweee sce’ 0.27 0.80 0.03 0.03 
(ietoneecnesn een 0.07 0.10 trace trace 
AS DOES EET tre trace 0.03 0 0 
nah aati ahaace 0.25 0.60 0.01 0.02 
a ig antithesis 0.17 0.42 0.02 0.02 
(tb aneinakes 0.06 0.16 0 0 
15d cee ack eet 0 0 trace trace 
~ a 
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ENSLOW CONTINUOUS STABILITY INDICATOR 


By ROBERT S. PHILLIPS, Chief Chemist 
Water and Sewerage Department, Durham, North Carolina 


UR laboratory, like many another throughout the country, 
0 was extremely interested in the “Convention-Floor” inven- 
“. of Linn H. Enslow, editor of WaTER Works AND SEWER- 
age, which has come to be known as the Enslow Continuous 
Stability Indicator or Enslow Stabilizer. This instrument, 

ining the so-called “Marble Test,” seemed to be the 
aaswer to the water works operator’s need for a practical short- 
cat to determine the proper treatment to attain the equilibrium 
int of finished waters. With certain modifications, explained 
ter in this article, this instrument has been, and is, able to 
xcomplish all its inventor originally hoped for. 

Following publication’ of early designs, we constructed a Sta- 
bilizer similar to that suggested. We soon discovered, however, 
that fine Calcium Carbonate did not behave according to our 

ceived notions. Explained simply: if water velocities in 
the Stabilizer were high enough to suspend the chalk, fine Cal- 
cium Carbonate would carry over into the Stabilizer effluent, 
if velocities were low enough to obtain a clear effluent, “packing” 
and consequent short-circuiting of the chalk resulted. 

The problem, therefore, was one of finding a closed device 
which could be added to the system and which would provide an 
adequate contact period with the fine calcium carbonate without 
sweeping over chalk. In other words, a container was needed 
which would provide for both high and low water velocities 
under constant flow conditions. A conical vessel, having a rela- 
tively small cross-sectional area at its vertex and a large area 
at its base, would solve the problem, it was thought, if the water 
was introduced at the vertex. This idea was based on the same 
principle as that of the Spaulding Precipitator, and was sug- 
gested by one of our Durham chemists, now Captain L. A. 
Lubow, U. S. Army. For experiment a separatory funnel of 
500 mls. capacity was employed with success. Here the relative 
water velocities, base to vertex, were approximately 75 to 1. 
Later a two-liter cone-shaped device was made available by one 
of the laboratory supply houses. We have continued to use the 
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FIGURE 1. ENSLOW STABILIZER USED AT 
OURHAT?I, 71.C. 











Fig. 1\—The Original Enslow Stability Indicator to Which the 
Durham “Contactor” Has Been Added 


two-liter cone since 
that time and have 
tentatively named it 
the “Contactor.”** 

The “Contactor” 
provides intimate 
contact with fine 
precipitated chalk; 
high velocities at 
the vertex cause a 
moderate expansion 
of the entire mass 
of chalk, allowing 
the water in its up- 
ward travel, under 
decreasing velocity 
to “filter-through” ; 
and the effluent 
from the “contac- 
tor” is substantially 
clarified, leaving 
only a small 
amount of fine ma- 
terial to be filtered 
or plated out by 
the coarse marble 
chips later. See 
Fig. 1. 


Results of 
Operation 


Our Continuous 
Stability Indicator 
withtheabove 
modification has 
been in operation 
since February, 
1940. During that 
period daily sam- 
ples have been taken 
at two widely separated points on the distribution system, and 
compared analytically with samples from the Stabilizer and with 
the finished water pumped from the treatment plant. One point 
of sampling is our open elevated storage reservoir, where treated 
water is retained for an average of one week. The other is at an 
extreme end of the distribution system, where water use is rela- 
tively small. Admittedly these two points represent conditions at 
which sustained stabilization is most difficult. 

Table No. 1 shows the results of a year and a half operation 
and the average monthly figures in both alkalinity and pH of 
the water at various points. The figures on total alkalinity indi- 
cate that the water was in equilibrium and that it did not tend 
to dissolve or deposit calcium carbonate. In other words, within 
the limit of accuracy of tests, the water was well-stabilized 
when treated according to indications given by the Enslow Sta- 
bility Indicator. 

It will be noted that the pH of the Stabilizer effluent is lower 
than that of the treated or tap water, although the alkalinity will 
be the same. This is believed to be due to the fact that small 
amounts of gases, such as CO), are dissolved in Stabilizer effluent 
while dripping into the container. For this reason, we disregard 
the pH readings on the Stabilizer effluent and treat, instead, to 
maintain a final treated water alkalinity equal to that shown by 
the Stabilizer effluent. 


Enslow Index vs. Langlier Index 


Since 1937 we have been determining the Saturation Index by 
the Langlier Formula’. For comparative purposes I have included 
a column labeled “Langlier pHs,” which is a monthly average of 
the Langlier pH of saturation. It indicates that on an average 
the pH of saturation indicated by the Stabilizer is somewhat 
lower than that calculated by Langlier formula. 

In the early fall of 1940 an interesting change took place 
which illustrates the practicability of the Continuous Stability 


**Phipps and Bird, Inc., Richmond, Virginia, now manufactures 
an Enslow Stabilizer which includes the Durham “Contactor.” 





Fig. 2—The Improved Enslow Stability 
Indicator in Service 
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Indicator. We had been taking untreated water from one source 
which was practically identical in characteristics to that of an- 
other source. The only apparent difference was one of carbon- 
dioxide content and a depressed pH. A change was made from 
one source to the other. No alteration in coagulant dosages was 
required, yet the following changes occurred in the Stabilizer 
Effluent overnight. 


Raw Water a Water 


No.1 0.2 
ll ‘ditiednesdeuseenenceseeucseracnnd 9-23-40 9-24-40 
Dh i ccpccndceesacheoonsena 70 65 
DE SED, codencencecccneeseces 15 14 
De Ee MEL, Bb00666cceerectcnsecss 13 6 
da tuebatinebcubadeseesieese ¥en 6.2 6.7 
wembian® EE. OE .cccccccccccccccess 8.2 8.8 
Stabilizer Eff. Alkalinity, ppm........ 29 21 


It must be admitted that considerable changes of this magni- 
tude could not have been foreseen or predicted by any other 
simple method. 


Some Notes on Operation 


The total water capacity of the Stabilizer used at Durham is 
5230 mis. exclusive of the volume occupied by the chalk and 


— chips. The capacity of each part individually is as fol- 
ows: 

Mls. 

a 2050 

Twin tubes filled with marble chips (590 mls. ea.)........ 1180 

ED cdinctvedasessedsndabs bideanddkswane pads 3230 


Each of the twin tubes contains about two and one-half pounds 
of marble chips. The “Contactor” contains approximately 200 
gms. precipitated calcium carbonate. The latter is introduced 
into the “Contactor” mixed with 500 mls. water. The cone is 
filled completely with additional water and the mass allowed to 
settle thoroughly before placing into operation. 

The normal operating rate is 25-35 mls. per minute, resulting 
im a contact period of approximately two hours. The “Con- 
tactor” alone provides nearly two-thirds of the total time. It is 
very important that the rate shall not ever materially exceed 
the upper limit, otherwise the purpose of the “Contactor” will 
be defeated by carrying over fine calcium carbonate into the 
effluent. A slower rate is satisfactory and for some waters the 
longer contact period may prove an advantage. 











TABLE NO. 1 
MONTHLY AVERAGES 
pH — Alkalinity as 
Enslow - End _ Enslow ” ae 
Stabil- Distri- Stabil- 
izer Langlier Reser- bution  izer Reser. aq 

1940 pHs pHs Tap voir System Eff. Tap voir 8 
March 9.0 9.0 9.1 9.0 8.6 20 21 20 
April 9.1 8.9 9.1 9.1 9.0 23 24 23 % 
May 8.7 9.0 8.8 8.9 8.8 26 24 25 % 
June 8.4 8.8 8.6 8.6 8. 23 23 23 % 
July 8.4 8.9 8.6 8.5 8.5 25 23 23 ~» 
August 8.3 8.8 8.5 8.4 8.5 27 27 26 8 
September 8.5 8.8 8.7 8.5 8.5 24 25 2s 
October 8.7 9.0 9.0 8.7 8.8 24 25 24 u 
November 8.8 8.9 9.0 8.9 8.9 25 25 27 25 
December 8.9 9.0 9.1 9.1 a. 20 21 22 a 
1941 
January 9.1 9.0 9.1 9.1 8.9 23 23 23 22 
February 9.0 9.0 9.1 9.1 9.1 21 22 22 23 
March 9.0 9.0 9.1 9.0 9.1 21 21 22 
April 9.0 9.0 9.1 9.1 9.0 22 21 2 8 
May 8.9 8.9 9.1 9.0 9.0 23 25 24 25 
June 8.6 8.9 8.8 8.8 8.7 26 27 2 gg 
July 8.5 8.8 8.6 8.6 8.6 27 28 27 29 
August 8.4 8.7 8.5 8.5 8.5 33 33 33 32 
Average 8.74 8.91 8.88 8.83 8.76 24.0 243 242 gg 





a. No samples taken. 


It is advisable to mount the Stabilizer in a place out of direg 
sunlight to avoid the possibility of microscopic growths. 

Occasionally it will be found desirable to clean the entire syy. 
tem and introduce new calcium carbonate into the “Contactor” 
A dilute solution of Hydrochloric Acid followed immediately by 
a thorough rinsing with water seems to accomplish the desired 
result quickly and efficiently. 

After placing the Indicator in operation it will be found that 
some of the extremely fine (almost colloidal) chalk will be 
swept over for the first day or two. After this the effluent cleary 
entirely, the colloidized chalk, if any, plating out on the marble 
chips. 





References 
1. “The Continuous Stability Indicator,” Linn H. Enslow, 
Water Works and Sewerage, 86:107 (1939). 


2. “The Analytical Control of Anti-Corrosion Water Treat- 
ment.” W. F. Langlier, Journal A.W.W.A. 28:1500 (1936). 








WEIGHTS OF MATERIALS 
Pounds per Cubic Foot — Average 


BRICK LIME BAO, COTE ccccccscecesscscsesons 71 
SE TD cnnccicdicns ckeneuael 100 Quick, loose lumps ............... 53 Steel, Cast .. 0... ee eeeeeeeeeeeeeees S 
pointe cs Se IEEE ets scncwianstedsencss 73 Steel, rolled ......++sseeeeeeeeeees 

Tim, Cast ....ccccccscccccsccccsees 459 

CEMENT LIME STONE errr ak 
BUTE ccccccccccccccccesoescees 94 BREED TEED cccccccccccececssecse 168 oOILs 
ED cadecncnenvncesdccescces 60 SOUGQUENE TUMNGS ccccccccccccccsecs 96 , 

SL dsgntdiinenseannnadenenae 55 

COAL AND COKE MASONRY oe debeesesecoosesdsiueneent es 3 
Anthracite ............sseseees 53 to 57 Granite or limestone...............: <— fee eee 
Bituminous .........sseeeeeeeeeees 49s Mortar, rubble ...........eececeeee 154 ; 

Charcoal ......sseecseeeeveeeeeees Ze ) Ree 138 SAND 
Coke 2... cece eeecesceeeeceeeeeees 26 Sandstone, dressed ............+0.- a ll 7 

—— METALS An | oe = RRR 
Cement, fine ..........sseeeeeeeees |= I ciccasunepstaneesaneeson 166 Gravel, packed .........seceeeeeeee 118 
Rubble, coarse ...........eseeeeeee 119 OO Be Ge, BEE oo. co cccccccccccccccen 7 

MENDED svcvesccvscoccececosesseess i Serr 

EARTH SE CED <cnecdcmncgkncensacces 537 
Loam, dry, loose ...............0- 76 Copper, rolled or wire............. 555 WATER 
DPD acnrconnncncceseoses 95 DE MD ichnen cupicepeeesiocnsnd — OT OS ere 9 
Loam, soft, loose mud............. 108 DEE dia naeeecensesndoeses Se He, 8 EE” By cc cn cccccccecesess 62 
Loam, dense mud ..........+...4++ 125 BE EEE chs wade duetaecnreisansae Fen )0=s Water, at 218° P. ....ccccccccccsss # 
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SIMPLIFIED BACTERIOLOGICAL PROCEDURE FOR THE 
EXAMINATION OF WATER 


By CHARLES A. HUNTER, Ph.D. ELEANOR PATTY, A.B., and FLORA McKINLEY, M.S. 
Public Health Laboratories, Kansas State Board of Health, Topeka, Kansas 





object of the bacte- provement can be made. There is a real 


rimary C ; a ‘ ; 
Tvvccical examination of water is to need for a simple, efficient and economical 
emia whether it is safe for domestic method which will get rid of some of the 
: The procedure should be simple, rapid pitfalls and needless work and time require- 
ind eficient—2 —— = all labora- ments in our present standard methods. 
‘vy workers can follow with a minimum 
w  evations. Changes have _ — 7 A Simplified Method Suggested 
iti f Standard Methods o ; 
ach new edition pod nace to isons The method to be reported here is a 
modification of a method first recommended 


} Analysis, 
1 se the efficiency in detecting 
wd identifying the coli-form groups of 
organisms. But with the addition of special 
tests and details of procedures there also 
arises the possibility of losing sight of the 
nol object of water analysis. 

The latest edition of Standard Methods’ 
recommends that lactose broth be used for 
the presumptive test—taking gas formation 
direct to be an indication of coliforms. It is 
recognized that the formation of gas may 
> SY be due, not only to coliforms, but to lactose 
ctor.” fermenting spore formers, to synergism, 
ly by or entrapped air. And, due to the possi- 
bility of false positive reactions, it is neces- 


by Weiss and Hunter.“ This method uses 
a larger quantity of water and eliminates 
gas production in the presumptive test, 
thereby preventing false positives. It is a 
simple, reliable, economical method. Va- 
rious experiments with this method have 
been carried out on several thousand sam- 
ples of water during the last two years. 
The outline of the methods used in this 
series of experiments follows: 


Bottle Method 


Materials 


BE | Sew mesesse » wees eee ew fie? 





(1) Bottles: 


si 
.. sry to run confirmatory tests on all tubes Graduated 6 or 8 oz. inexpensive and 
tha showing gas formation, thereby making the easily handled screw cap prescription 
1 . so-called presumptive .: little — than bottles. 
enrichment culture. Gas production as 
— nll ation of positive presumptive tests —— pg Bn og B.. bene | —— 
- is not feliable due to the difficulty for some various composition. Some caps. 
upon sterilization, give off ammonia 





or formaldehyde which may be ab- 


laboratory workers to determine if gas has 
sorbed by the medium and may affect 


formed or not. Some workers consider the 


resumptive test negative if the amount of . the growth of the organisms. It is 
_ ured within the inverted tube is : A Comparison — recommended that experiments be run 
reat. less than 10 per cent by volume. Also some ‘4ove is equipment required in standard on each lot of caps to determine 
ess than IV pe Ping - thod dure for making th whether volatile toxic substances are 
workers try to decide whether the sa s ioe roe gota al quid ing : ne 5 formed on sterilization. The use of 
fermentation or is large re St. , men glass stoppered, graduate ottles 
os — All of these ante: 5 = the simple bottle method—8 oz. graduated would be better.) 
terpretations are deviations from the stand- culture bottle and water sample. (2) Medium (Concentrated): 
ard methods and, therefore, the results may ; Tryptose ............. 400.00 grams 
== not be reliable. The importance of false presumptive a 40.00 grams 
tests can be illustrated by considering the « * Pea 20.00 grams 
Many Methods Looking to — of the a examination WE bcd vata sandacsae 1000.00 cc. 
) water samples. Positive presumptive . : : . 
mporenent Proposed tests were obtained in 595 waters, of which Filtration _and adjustment of pH is not 
necessary. Final pH is 6.8 to 7.0. Add 5 


only 460 confirmed, thus 135 samples or ro 
22.7 per cent gave false positive presump- ¢- to each bottle and sterilize at 15 pounds 
for 15 minutes. 


tive tests. 
It is the opinion of the authors that, so (3) Confirmatory Medium: 


long as mere gas formation is accepted as Brilliant green lactose bile 2 per cent. 
a basis of the presumptive test, little im- Use in fermentation tubes. 


Many methods have been proposed for 
the elimination of false presumptive tests 
by adding various chemical agents (see 
213 inclusive in appended reference list), 
but most of them have not proved satis- 
711 factory. 





495 
459 


e2neu S 


~—-eSsos 








2 Techniques ’ , 

) These pictures compare the more tedious time and equipment consuming and expensive procedure of the standard method (left) with 

the simple and inexpensive bottle method (center) of setting up the water sample in the graduated culture bottle; and (right) trans- 
ferring a loop of enrichment culture from incubation bottle to confirmatory fermentation tubes. 
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TABLE I 


Comparison of the Standard Method and the Bottle Method Using Both the Completed 
Test and the Liquid Confirmatory Medium (B.G.L.B.) 





Standard Method 


Bottle Method 





Number 
of 
Water 
Samples No. % No. %  |No. %&% 
764 460 60.2 304 39.81477 62.4 


No. § 
287 37.61492 64.4 272 


Completed Test jLiquid Confirmatorv}] Completed Test |Liquid Confirmatorv 
B.G.L.B. B.G.L.B. 
Positive Negative|Positive Negative|Positive Negative} Positive oe 
y N 


% \No. % No. %  |No. %&% oO. % 
35.6|502 65.7 262 34.3 























TABLE II 
A B 
Liquid Confirmatory 
Completed Test B.G.L.B. 
Total number of water samples, 764 Number % Number % 
Number showing coliform by both methods...... 444 58.1 458 59.9 
Number not showing coliforms by both methods.. 255 33.4 243 31.8 
Number in disagreement.............++. eases ania 65 8.5 63 8.3 
Standard methods + bottle method — ........... 16 2.1 19 2.5 
Standard methods — bottle method + ........... 49 6.4 44 5.8 
Difference in favor of bottle method.............. 33 4.3 25 3.4 
Procedure (2) Confirmed Test: 
(5% Sentient Coline: All primary lactose fermentation 


(a) To each bottle containing 5 cc. of 
the concentrated broth add 100 cc. 
of the water sample. 

(b) Incubate broth at 37° C. 
24 hours. 

Confirmed Test: 

(a) Shake bottle well and transfer one 
loop (not less than 3 mm. in di- 
ameter) of the broth from the 
bottle to a brilliant green lactose 
bile fermentation tube. 

(b) Incubate the fermentation tube at 
37° C. for 48 hours. 

(c) The presence of gas in any amount 
within 48 hours constitutes a pos- 
itive confirmed test. 

Completed Test: 
When brilliant green lactose bile broth 
is used as a liquid confirmatory me- 
dium, in routine examinations, it is 
not necessary to carry out the com- 
pleted test of Standard Methods. In 
the experiments, the results of which 
are reported here, the completed tests, 
as recommended in Standard Methods, 
were carried out for the sake of com- 
parison. 


for 18 to 


~~ 
Nm 


-~ 
w 


Standard Methods 


The procedure in Standard Methods was 
followed, but the brief outline below gives 
the variation of the method as used in our 
laboratory. 

(1) Presumptive Test: 
Seven lactose broth fermentation tubes 
inoculated as follows: one 0.1 cc.; one 
1.0 cc., and five 10 cc. portions. 


tubes showing gas within 48 hours at 
37° C. were transferred to brilliant 
green lactose bile 2 per cent fermenta- 
tion tubes. 

Completed Test: 

All brilliant green lactose bile fer- 
mentation tubes showing gas were 
streaked on EMB plates and typical 
(or atypical) colonies fished off into 
brilliant green lactose bile fermenta- 
tion tubes, lactose fermentation tubes, 
and plain agar slants. 


w 
~~ 


Water Samples 


The majority of the samples of water 
were from raw, untreated supplies collected 
from all parts of Kansas by county health 
officers, engineers, nurses and sanitarians, 
and sent by mail to the laboratory. A few 
of the samples were from swimming pools 
and treated water supplies. 


Results 


The results obtained from the experi- 
ments comparing these two methods are 
given in Tables I and II. 

The results in Table I give the total 
number of positive and negative tests for 
the coliform group by the two methods, 
when confirmed by the complete test or by 
the liquid confirmatory medium (B.G.L.B.). 
For a little clearer picture of the results 
Table II is presented. 

Considering the results as given in col- 
umn A (completed test) it can be seen 
that the bottle method is more efficient in 
detecting coliforms than the standard 
method, as evidenced by the fact that the 
bottle method picked up 49, or 6.4 per cent, 


more waters showing coliforms 
the standard method. It is also no 
16, or 2.1 per cent, of the wat: ~ 
positive by 4 standard method 
tive by the bottle method. 
difference in favor of the bottle att 
was 33, or 4.3 per cent. 


The results given in column B (ligg; 
confirmation medium, B.G.L.B.) deen 
there are a few more positives than bs 
obtained by the completed test. It has been 
observed that the slow lactose fe 
form gas in brilliant green lactose bile 
within the limits of the incubation 
whereas, no gas is formed in lactose broth, 
It is believed that brilliant green lactose 
bile is as satisfactory for confirming 
coliforms as is the longer Procedure tse 
in the completed test. 


ers Werte 
and negs. 


Summary 


Briefly the advantages of the bottle 
method are as follows: 
More efficient and reliable. 
Rapid. 
Eliminates gas production in presump. 
tive test. 
No false positives. 
Less chance for contamination. 
Simplicity both in technic and equip 
ment. 
Economical. 
Less equipment, test tubes, pipettes 
racks, etc. 
Less media. 
Decreases time in preparing media. 
. Less dishwashing. 
More samples run per person (10 by 


bottle method to 1 by standam 
method). 


wn — 


Dp 


Pace PN 
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CONTROL OF ALGAE 


By FRANK E. HALE, Ph.D. 
Director of Laboratories, Dept .of Water Supply, New York City. 


Knowledge of microscopic organisms and their control is one 
of the more important aspects of water supply practices. Chief 
ymongst agents utilized in algae control is copper sulphate, its 
application to reservoirs being known as “coppering.” 

The simplest manner of application is to drag burlap bags, 
containing about 50 pounds each, through the water by means 

rowboats, taking a zigzag course so as to triangulate the 
sorface of the water. Wind, waves, diffusion and gravity admix 
the streaks of treated water with the remainder. Crude as this 
method is, it has been found very effective. But it is essential 
that the chemical be well distributed. 

Recently there has been effectively used by the Los Angeles 
water Department a mechanical broadcasting device on the rear 
of a launch. It distributes pulverized copper-sulphate over the 
water surface in a manner equivalent to that used in broadcast- 
ing fine grass seed. This method reaches shallow shore-line 
areas most effectively. See Jour. Review, Feby., 1936.] 

The reservoir should be partitioned into areas by land sights 
and the capacity, in million gallons for total depth, calculated 
for each area so that dosage may be correctly apportioned. In 
the case of organisms predominating in the upper water, dosage 
may be calculated on the upper 20-30 feet only. About 3,000 
pounds a day may be distributed by a single launch in favorable 


weather. 

Calculation of the volume of a body of water is not difficult. 
Two formulas should be kept in mind: 

One cubic foot contains 7% gallons. 

One gallon of water weighs 8% pounds. 
Estimate the area in square feet. Estimate the average depth in 
feet by soundings. Multiply the two for cubic feet. Multiply 
cubic feet by 74% to find gallons and express in million gallons. 
In the table of treatment which follows one column reads directly 
in pounds of copper sulphate per million gallons of water to 
apply for each genus of organisms. 

To calculate amount of copper sulphate needed from “Parts 
per million” column multiply million gallons by 8% to obtain 
million pounds of water. Multiply this figure by the amount 
shown in the column headed “Parts per million.” 

Two formulas are helpful to bear in mind: 

1 pound per million gallons = 0.12 part per million. 
1.0 part per million = 8% pounds per million gallons. 

Copper sulphate may be fed to an aqueduct by continuous dry- 
feed to destroy organisms feeding from one reservoir to another. 
The effective dosage is identical with that employed in open 
reservoirs by the launch method. 

Another frequently employed method of continuous feed of 
copper sulphate is by solution feed. On a small scale a wooden 
bucket may be suspended in the flowing water so arranged that 
its depth of submersion may be varied. A small hole in the 
bottom of the bucket admits the water. The bucket is filled with 
copper sulphate and a definite amount added once or twice a day 
and the depth of submersion regulated so as to dissolve the 
determined quantity each day. 

Three to four hundred pounds per day may be fed by a 
barrel arrangement. By this equipment the chemical is ap- 
plied as a saturated solution and the application is very uniform. 
The barrel is kept constantly full of water from a supply con- 
trolled by a float valve with glass ball. From the bottom of 
the barrel, through rubber, glass and copper tubing, the solu- 
tion is discharged to the water at the most turbulent point. The 
flow is regulated by a pinch-cock. The barrel sits on a scale 
so that the weight of chemical delivered may be checked. The 
water consumed varies with temperature and other conditions 
from about 114 to 2% gallons per pound of chemical dissolved. 
Copper sulphate is very soluble in water. The following table 
may be useful in feed regulations at various water temperatures: 


SOLUBILITY OF COPPER SULPHATE 
Pounds of Copper Sulphate Crystals 


Temperature: uSoO.. 
°C. °F. Per 100 Ibs. solution Per 100 gallons water 
0 32 19.5 126.0 
10 50 23.1 226.8 
20 68 26.9 269.4 
25 17 28.9 296.1 
30 86 31.3 326.1 
40 104 35.2 371.1 
50 122 39.1 433.7 
60 140 44.5 §21.3 
80 176 55.6 717.2 


Spraying with strong copper sulphate solution is advantageous 
in some instances, ¢.g., in shallow bays and on floating masses 
of certain organisms. For this purpose a spray pump or equip- 
ment such as is used with insecticides for trees is available. [An 
alternate procedure is that used by Los Angeles to mechanically 
broadcast the pulverized sulphate previously mentioned.—Ed.] 

Walls of basins have been sprayed for growths such as 
Spirogyra, using a 5 per cent solution. 

Experience differs with waters of different composition, with 
temperature, and with amount of organisms present as to the 
right dosage to apply for each organism. About twice as much 
chemical is required in winter as in summer. It is a waste of 
chemical to apply an insufficient amount. If a smaller dosage 
fails, the entire larger dosage must be applied at one time. The 
water usually clears within three to four days when the correct 
quantity has been applied. [See Dosage Tables.] Weeds in gen- 
eral are not killed by copper sulphate. Sometimes fish are killed, 
but rarely in quantity. The following table indicates the sus- 
ceptibility of fish to the chemical: 


LIMITING SAFE DOSAGE OF COPPER SULPHATE FOR FISH 


Pounds 
Fish Parts per million per million gallons 
ME: 6d0:6660n00 000s dees an kone noes 0.14 1.2 
0 ee ee eee 0.33 2.8 
PE tke nicctevksSsadenceeaewese 0.33 2.8 
GEL. Kak bccecedsneesbasenerecwess 0.40 3.5 
EE éScadeveicghabaucmasndiubas 0.40 3.5 
EE PR 9560809500840 0mdnsadeee wen 0.50 4.2 
PUNE 6050556390465 seNeeweeenéenaes 0.67 5.5 
DEN Sa dbuveakcsatosecaseesensens 1.35 11.1 
SEE, SY diidule ks cerwanasadenstons 2.00 16.6 


Chlorine Treatment 


Chlorination is the most valuable adjunct to copper sulphate 
in control of microscopic organisms. In the first place it hel 
destroy the odors set free by the copper sulphate treatment. “ 
the second place it destroys many genera, in several instances 
the very ones least affected by copper sulphate. 

The use of chlorine in increased dosage has slowly been 
extended not only to destroy organisms but also the distasteful 
oils. Experience to date indicates that with soft waters the 
following effects have been noted: 


EFFECTIVE CHLORINE DOSAGES 


Chlorine ppm. Effect 





Organisms Org. Taste 

Units per cc. Dose Residual destroyed destroyed 
Synura 1—25 ......e0. 0.3 -05-.10 Yes Yes 
Synura 60—100 ....... 0.5-0.7 .20 Yes Yes 
Synura 200 ........ eee 0.7-0.9 .30 Yes Yes 
Urogiena 2,000 ....... 0.5 10 Yes Yes 
Uroglena 6,000 °%...... 0.5 10 Yes No 
Dinobryon 500 ........ 0.5 10 Yes Yes 
Asterionella 1,350 .... 0.7 .20 Yes (50%) No 
Aphanizomenon 1,500.. 0.7-0.8 .20-.25 Yes (50%) No 


Prechlorination with high dosage, 1 ppm. and higher, is em- 
ployed now quite extensively in conjunction with filtration to 
destroy or prevent growth of microscopic organisms in sedimen- 
tation and reaction basins and lessen their interference with 
filtration. Longer filter runs are obtained in addition to lightening 
the bacterial load upon the filters. 

Miscellaneous Data. Cyclotella has been destroyed by dosage 
of 1 ppm. Crenothrix is another troublesome organism which is 
readily controlled by chlorine or chloramine in dosage of 0.5 
ppm. Chlorine in dosage of 0.33 ppm. has readily controlled or 
prevented formation of jelly masses or fungus slime in well 
supplies and in mains and prevented clogging of condensers. 

Crustacea, such as Cyclops and Daphnia, have been controlled 
on occasions. Daphnia, red variety, has been controlled with 1 
ppm. chlorine and Cyclops with 3 ppm. chlorine. 

The following table contains data brought up to date on 
dosages of copper sulphate and dosages of chlorine required for 
microscopic organisms, including also odors and tastes produced. 
It is based on published data and personal experience. 
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CHEMICALS REQUIRED FOR CONTROL OF DIFFERENT 
GENERA 


—Copper Sulphate-—— 


Parts per Pounds per Chlorine 
Organisms—Odor: million mil. gals. ppm. 
Diatomaceae: 
BT ree 0.12*-0.20* 1.0-1.7 0.5*%-1.0° 
Aromatic, geranium, fishy 
ee 1.0 
Faintly aromatic 
Diatomat ...... Pacoccooese 
Faintly aromatic 
ET Ksteedésteenen 0.25 2.1 
SEIEEEGE ecercessonstes 0.20* wm 2.0 
PE éeenenceuseeseue 
Aromatic 
DET sseeenesereocas 0.07 0.6 
.. =e 0.50 4.2 
DED dtvacucaseonese 0.36*-0.50° 3.0-4.2 1.0 
Earthy 
Stephanodiscus .......... 0.33 2.8 
EE ustendcoudeecs 0.12*-0.50° 1.0-4.2 0.5*-1.0 


Aromatic, geranium, fishy 


Chlorophyceae: 


CIRGOMMOTAT ccccccccccccs 0.50 4.2 
er 0.17 1.4 
CE §casevocasdses 0.05-0.33 0.4-2.8 
DR “ccsandateeednae 0.25 2.1 
ee 2.00 16.6 
Dictyospheriumf ........ 0.5*-1.0 
Grassy, nasturtium, fishy 
Draparnaldia ............ 0.33 2.8 
en 10.00 83.0 
Faintly fishy 
Entomophora ...........- 0.50 4.2 
SEE Ghesaeceneseees 
Offensive 
Hydrodictyont .......... 0.10 0.8 
Very offensive 
RR Te 0.40 3.3 
TP. wseeigeesseasunes 2.00 16.6 
een 10.00 83.0 
Faintly fishy 
ES 1.0 
ees 1.00 8.3 
Scenedesmus ....--c.ee0. 1.00* 8.3 
DE “stedéeceeeccecs 0.12 1.0 0.7-1.5 
Staurastrum ........+... 1.50 12.5 
SOCEM dccccoccocces 1.0 
PE cotcieussednetans 0.20* mM 
\. ee 0.25 2.1 0.3*-1.0 
Fishy 
PE envcdcoasenvaes en 0.50 4.2 
Cyanophyceae: 
CO ree 0.12° 1.0 0.5%-1.0 
Moldy, grassy, vile 
Aphanizomenont ........ 0.12-0.50* 1.0-4.2 0.5*%-1.0° 
Moldy, grassy, vile 
COREMPORIIEEE cciccctccces 0.12*-0.25* 1.0-2.1 0.5*-1.0 
Sweet grassy, vile 
Ceelospherium? .......... 0.20*-0.33 1.7-2.8 0.5*-1.0 
Sweet grassy 
Cylindrospermum ....... 0.12 1.0 
Grassy 
EEE cceesiacecéeces 0.20 4.7 
er 0.20-0.50* 1.7-4.2 | 
PREWUENER cccdccccccé Puedes 
Moldy, grassy 
Protozoa: 
BGO. . dc cciuncscensivess 
Irish moss, salt marsh, 
fishy 
ce eet a 0.33 2.8 0.3*-1.0 
Fishy, vile, (rusty 
brown color) 
Chlamydomonas ......... 0.50-1.0 4.2-8.3 
CN cvcccceceson 0.50 4.2 
Candied violets 
OOOO “0.18* 1.5 0.3*-1.0 
Aromatic, violets, fishy 
Endameba histolytica 
eS 25.0-100.9 
pn er 0.50 4.2 


Glenodinium ..........s+. 0.50° 4.2 
Fishy 
PERMOGRORRE cc cccccsoces . 0.50 4.2 
Aromatic, violets, fishy 
POE. -onsedceecaaess 0.50*-2.00 4.2-16.6 
Fishy, like clam-shells 
re ear 0.12*-0.25 1.0-2.1 0.3%.1.9 
Cucumber, muskmelon, : 


fishy, bitter taste 
SINGEONIRS cccccacescosecs 0.05*-0.20* 0.4-1.6 
Fishy, oily, cod-liver 
oil taste 


0.3%-1.9 


Crustacea: 
SEE gcé¢ceceewannes 
ES Qe 2.00 16. 
Schizomycetes: 
DORRINAORS  cccccccveceses 5.00 41. 
Very offensive decayed 
CIRGOENEEE neces enencene 0.20 
GHOMOTRNERTS _ ccccecccsoces 0.33 -0.5* 
Very offensive decayed, 
medicinal with ehlorine 
OO ees 
Sphaerotilis, natanst .... 0.40 3.3 
Very offensive decayed 
Spirophyllumf ........... 0.25¢ 
THIOCHTINAGG ...ccccccccces 0.5*-1.9 


leet 
oo 
’ 


tom 


-4.2 0.5* 


Fungus: 
ACHIYE ..cccccccccccccces 0.6° 
BOOED cccccccsseccee 0.40 a 
GGSUEINERT 3 ccecccoccces 0.18 1 


ones 


Miscellaneous: 

PEE dicnntsesennnee cna 0.10 -0.50 0. 

Nitella flexilist .......... 0.10 -0.18* 0. 

Objectionable 

Potamogetonf ........... 0.30 -0.80 

DEE cewkeeuensaqecnsees 

Blood worm, chironomust 

Blood worm, gnats ..... 

The organisms where odors are expressed have been in suff- 
— quantity at one time or another to cause the characteristic 
odor. 


o woo 
' 

ao es 

“1 oro 


1,0° 
15.0-50.0 
3.0 





1The quality of water (hard or soft) and temperature has a 
decided influence on the requisite copper dosage. The harder 
the water, and the colder, the higher the dosage required. To 
under-treat is a waste of chemical and further—the whole dosage 
must be applied at one operation. 

*Dosage successful in New York City’s supplies. 

+These organisms have caused trouble other than odor. 

tThese organisms have been affected by chlorine producing 
characteristic odor and in many cases controlled by dosage rang- 
ing from 0.3 to 3 ppm., depending largely on amount of organ- 
isms. 

§Controlled by excess caustic lime, 5 ppm., in the case of 
diatoms (48_hrs.). 











Los Angeles’ Improved Dry-Feed Coppering Machines Used 
Algae Control, Surface Applications Have Proved Economical 
and Effective. All Shallow Areas Are Reached Easily. 
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PRACTICAL CARBON FEEDER 
Also Useful for Lime, Clay, ‘““Mud Alum,” or Other Suspensions 


T Paris, Mo., we wanted to use activat- 

ed carbon for the removal of tastes 
and odors from our water which is coagu- 
lated and filtered. Faced with the problem 
of not having a dry chemical feeder we 
decided to try feeding this chemical in 
solution form. Of course we soon learned 
that powdered activated carbon, being in- 
soluble, would require continuous mixing of 
the water-carbon mixture while feeding 
tt to the raw or settled water. We also 
found that in feeding through a small 
orifice trouble occurs from coating up or 
choking of the orifice by the insoluble 
arbon or bits of foreign materials. 


fhe Feeder 


The accompanying photograph and 
sketch of the combination solution tank and 
feeder are self explanatory. The tank con- 


sists of a steel drum in which is mounted > 


a small Pemberthy Sump Pump. The tank 
is filled to the desired depth with water, 
the pump is started and the desired charge 
of powdered “Nuchar” carbon is added. 


Since the sump pump is running, and 
the arrangement of the main discharge pipe 
is such as to cause a rapid swirling agita- 


tion in the tank, the carbon quickly goes 
into suspension. The pump runs continu- 














Activated Carbon Feeder 
tn solving our problem of feeding ac- 


twated carbon the combination solution 
fank and orifice feed arrangement (with 
constant head), which is here illustrated, 
was built. It has worked with entire sat- 
isfaction. 


By VESTER OPIE, Chief Engineer 
Dept. of Water, Light and Ice, Paris, Mo. 


ously, or as long as the feeder is in use at 
least, and a portion of the emulsion passes 
up through the small riser pipe to the tee 
containing the glass or metal tube orifice. 
While a portion passes through the small 
feed control orifice, and into the funnel and 
to the rubber hose feed to the point of 
application, the greater bulk of the carbon- 
water mixture passes by the orifice and 
discharges back into the tank through the 
riser pipe. 

By this simple scheme a constant head 
is held on the feed orifice. At the same 
time the high velocity with which the 
liquid passes by the orifice maintains a 
clean orifice inlet and also prevents stop- 
page by any bits of bag paper or other 
—— matter which may get into the 
tank, 


Dosage Regulation 


It is evident that dosage of carbon or any 
other material being fed can be regulated 
by one or more of three schemes. First, 
the emulsion can be made heavier (or 
lighter) in material added in making up 
the batch in the tank. Second, the orifice 
can be replaced with one larger or smaller. 


— U 


Third, the head on the orifice can very 
readily be changed at will by inserting 
nipples of various lengths in the orifice tee, 
those extending the height of the vertical 
return line. Or the same may be accom- 
plished by inserting a plug-cock in the 
solution return line. By setting the plug at 
various degrees of opening, the desired 
head can be secured on the orifice within 
the range above which there will be no 
recirculation unless the main discharge 
pipe at the bottom of the tank be throttled 
also. 

In the unit shown a 3/32-in. orifice tube 
is used. The tube extends up into the tee 
on purpose, since in this way the flow 
sweeps past it at high velocity to keep it 
clear of possible chokage. For measuring 
the carbon a dipper, level full, holds exact- 
ly a third pound of “Nuchar” carbon. For 
every 10 gallons of water run into the tank 
(drum) add one even dipper full of the 
carbon. The water added is measured 
through a water meter, which is simpler 
than taking depth measurements when add- 
ing new water to the tank. 

This feeder has been in use now for 
more than three years and has been very 
satisfactory. 


Dipper holding % lb. 
carbon level full 












































Electric ¥," Pj Overflow that 
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Section Through Feeder, Showing Recirculating—Mizxing Pump, Piping and Orifice 
Arrangement. 
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OMEGA MACHINE COMPANY 


ATLANTA 3, GA.—W. D. Taulman & Associates, 


161 Spring St., N. W 


CHICAGO 3, 
Bidg. 


ILL.—G. H. Jewell, Peoples Gas 


(Division of Builders Iron Foundry) 


91 Codding St., Providence 1, R. I. 


REPRESENTATIVES 
NEW YORK CITY 7—Omega Machine Co., 20 
Vesey St. 


PHILADELPHIA 22, 
1649 N. Broad St. 


PA.—Omega Machine Co., 


WASHINGTON 5, D. C—O - 
1018 18th St., N.W. mega Maching | 

BRAZIL—Oscar Taves & Co., 
Janeiro 


Box 84, lp 


PITTSBURGH 22, PA.—Omega Machine Co., 1403 


BUENOS AIRES—Fiore Co., 
Colon 285. Avenide 


CHARLOTTE 2, N. C.—Purser & London, Inc., 


Independence Bidg. 
DETROIT 4, MICH.—W. A. Dalee, 
Roselawn Ave. 


LOS ANGELES 3!, CAL.—Chas. P. Crowley, 7!/! 
Gibbons St. 


Oliver Bldg. 


Inc.—9190 
Franklin St. 


454 King St., West 








A COMPLETE LINE 


Rotodip Meter Feeders 


Rotolock Feeders 
Dust Removers and Filters 
Chemical Elevators 


Slow & Rapid Mechanical 
Mixing Equipment 


Universal Feeders 

Lime Slakers 

Precision Solution Feeders 
Laboratory Stirrers 

Disc Feeders 

Gravimetric Feeders 








| Pa GRAVIMETRIC FEEDER 


| ° ” 

| aaa ‘| “Loss-In-Weight"” Type 
ih PS ' pThe most accurate type chemical feeder 

‘ , | made. Indicates on the scale beam the 
‘weight of material in the hopper at all 
ltimes. Feeds lump, granular or powdered 
materials at 100 different rates by incre- 
ments of 1% of the maximum rate of 
feed, and records every pound of mate- 
rial fed. No calibration is required. The 
rate of feed is automatically controlled 
lby the loss in weight in the hopper of 
The No. | Feeder shown at left feeds up to 2,000 Ibs. 
Bulletin on request. 








material. 
per hour. 


PRECISION FEEDER 


Not an orifice feeder but a true Volu- 
metric feeder, accurate within 1% for 
feeding solutions of Calgon, hypo- 
chlorite, copper sulphate, ammonium 
sulphate, etc., by gravity. Feeding 
range 100 to |, from 1/25 to 200 gals. 
per hour, with standard tank sizes 25 
to 200 gallons. Where electricity is not 
available, 8-day spring motors are 
used; meter-paced control is easily ac- 
complished by flow proportional feed- 
ing. Bulletin on request. 


UNIVERSAL FEEDER 


A rugged, dependable Volumetric feeder 
with oscillating throat at base of hopper. 
Easy micrometer screw adjustment gives a 
practical range of 40 to |. Three sizes 
provide a feeding rate of | to 6,000 Ibs. 
per hour. The feeder will successfully 
handle lime containing both lumps and 
fine powder; strings and trash will pass on 
through without clogging. Accuracy av- 
erages 3% although crushed lime may 
vary somewhat in weight per unit of 
volume. Send for Bulletin. 


e 
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RICHMOND 19, Va.—M. R. Mills, Jr., 


TORONTO, ONTARIO—Control & Metering, Ltd., 


COLOMBIA—Macdonald & P, 

Banco de la Republica, Bogota 
HAWAII—Alan Duvall, Box 33, Honoluly, 
VENEZUELA—Sociedad Tecnica Y 

Apartado Postal 1807, Caracas 


210 €. 


OMEGA LIME FEEDERS 
AND SLAKERS 


Omega Continuous Lime Slakers are the product of years of 
ization in the design and construction of equipment for 
Water and Sewage Plants. The majority of Omega Lime § 
installations employ either the Belt Type or Loss-In-Weight 7; 
Gravimetric Feeders. Slakers are available with capacities fr 
175 Ibs. per hour to 10,000 Ibs. per hour. 


Outstanding features of the Omega Lime Slaker include: 
@ High speed mixing to promote rapid, thorough slaking, 


@ Efficient insulation and thermostatic’ heat control to maintain 


slaking temperatures. 
@ Vapor removal devices to protect feeders from hot, moist y 


@ Heat exchanger coils to preheat cold water for increased 
efficiency. 


OMEGA BELT TYPE GRAVIMETRIC FEEDE 
AND 500 LB./HR. OMEGA SLAKER 


A feeder of extreme accuracy, weighing material continuously ' 


short conveyor belt carried on accurate sensitive scales. 


set by a single dial to feed within 2% of the desired rate, ands 


departure from weight per unit of volume is automatically 
pensated. Alarms prevent over or under feeding; totalizer 
recorder keep complete records of material fed. Automatic 4 
vices for feeding in proportion to variable flow are av 
Bulletin on request. 


ROTODIP FEEDER 


For feeding from large supply tanks which may be located at @ 
tance from the feeder. This cut-away view shows the metering 


discharging into the receiving box at a high rate. Feeding range 


to 800 gallons per hour. Variable speed drive gives an i 
number of speed changes from zero to maximum. Liquid 
and dry feeders may be accurately synchronized to make up 
strength solutions or suspensions. 
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ZGERALD 


P. O. BOX 289 CORAL GABLES 34, FLORIDA 


Manufacturer of 


The "SEWER SCOOTER" ¢® 100% Self-Propelling Sewer Cleaning Machine 


(U.S. Pat. 2198823) 


Reduces Cl 
REMOVES 


SAND, GRAVEL, 
ROCKS, BRICKS, 
MUD, GREASE, 

BROKEN RODS, 
METALS, Etc. 


eaning Time NO OPERATING 


75% to 80% EXPENSE. 


SEWAGE 
FURNISHES THE 
OPERATING POWER 


NO PRELIMINARY 
WORK REQUIRED. 





COLLAPSIBLE FOR EASY REMOVAL —A Patented Feature. 


The “SEWER SCOOTER” is a patented method of cleaning 
sewers. It is a self-propelling hydraulic device that operates from 
the force of the sewage in the sewers. It is different from all 
other types of sewer cleaning tools as it uses the movement of 
the sewage to do the cleaning job. The operator has a much easier 
and cleaner job, the work is completed in less time, with thorough 
results, than when other type of equipment is used. 


There is no trick to operate it. The “Sewer Scooter” is lowered 
into the manhole, with the control rope attached to the rear of 
the machine, point the machine into the outgoing pipe and it will 
draw itself into position. A flow must be established, and if the 
line is dry, or the flow small, more water may be added from any 
adjacent hydrant to build up a head or reservoir storage in the 
manhole behind the machine. It can be operated with one or two 
foot head of water, but in many places six inch head is sufficient. 
Che rubber-edged, collapsible Shield fits snugly into the pipe, form 

m, and the water builds up behind it. It eases itself along, 
debris ahead until its progress slackens, when the 
ine fills up to a head of ten to twenty inches in the 
operator gives a short smooth pull on the control 
ollapses the upper half of the Shield, allowing the 

past and wear down the accumulations that have 

e line. This operation is repeated until the mud, 

grease, sand, rocks and other sediment is delivered to the lowe 
manhole for removal, and in this manner the “Sewer Scooter” re 
stores the line to its original 

designed capacity. 


[The “Sewer Scooter” is de 
gned to pass fixed obstructions 
that extend into the top half of 
t 
and crushed pipe. Because it will 
by-pass obstructions in the bot 
tom and sides of the sewer it will 
pass through places where drag 
buckets will not go lt cleans in 
verted siphons under rivers and 
subways, if they are constructed 
with fittings not over 22% de Showing sand taken from 
time required was three hot 


r 
! 


ie sewer, such as plumbers’ taps 


grees, 





Showing “Sewer Scooter”, 
with shield closed, in opera- 
tion in the sewer line. Force 
of the sewage causes it to 
move forward, piling up de- 


} 


bris as it advances. 





When obstructions are encountered that are too heavy and solid 
tu be moved by flushing, the shield will push them by using the 
momentum of the moving sewage in the line to use the “Sewer 
Scooter” as a ram to bump against the impediment if necessary, 
If the object refuses to be moved after repeated efforts to dislodge 
it fail, it will indicate a collapsed section of the line and the 
exact location can be found by measuring the length of rope that 
is used, and time is again saved by the location of the exact 
place of trouble. When. the impassable object is reached the 
“Sewer Scooter” can be pulled back to the starting manhole and 
removed. 

The principal advantage of the “Sewer Scooter” is after the 
sewers have been cleaned by this method it becomes an easy job to 
keep them clean by a systematic patrol schedule. The cleaning time 
required is governed by the amount of refuse to be removed; 
such sections that load up faster than ordinary will be cleaned 

when they require it, those that are not in bad condition will be 
passed through quickly, and the trouble of stoppages will be 
averted before trouble calls begin to pile up in the office. Cities 
using the “Sewer Scooter” for over two years report that their 
trouble calls are less than one-fourth what they were before using 
this machine. 

Another important advantage is, it increases its efficiency with the 
larger sizes of sewers, so that the larger lines are cleaned in almost 
the same time that is used to clean the smaller lines, with definitely 

clean results. 

If the “Sewer Scooter” goes 
through a line just cleaned by 
some other method, or type of 
equipment, it will show the 
amount of dirt, silt and other 
accumulations that have been left 
behind. Contractors use this 
equipment to clean newly laid 
lines of seepage and sand infiltra- 
tion that occurs in the construc- 
tion period. 

Write to us for prices, and for 

a 21” sewer 320 feet long. The names of places in your vicinity 


a 


irs from start to finish. that use the “Sewer Scooter.” 


Showing shield of “Sewer 
Scooter” opened by the at- 
tached line, allowing the 
sewage to flush and move 
the debris along in the 
sewer 


A 
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JOINT ADMINISTRATION AND COLLECTION OF WATER 
AND SEWER ACCOUNTS 


By LEONARD N. THOMPSON, Engineer and General Superintendent 
Water Department, St. Paul, Minn. 


ROM the outset of the work of the Committee on Joint Ad- 

ministration and Collection of Water and Sewer Accounts, it 
appeared that there existed a large amount of literature covering 
comprehensively the subject of sewer rental laws and the many 
types of sewer rental rate structures. Reference is made at the 
end of this report to several of these noteworthy publications. 
To those officials who are interested in the subject and wish to 
study forms of rate structures, the Committee suggests a review 
of these papers. The Committee acknowledges the use and study 
of these publications in the preparation of this report. 

While in this report the terms “sewer rental” and “Sewer 
service charge’ may be used interchangeably, the Committee 
favors the expression “sewer service charge” as more descrip- 
tive of the service rendered. This should be considered when 
preparing material for educational or publicity purposes. Where 
the sewerage system is already in existence and perhaps paid 
for, the owner-user sometimes wonders if the “sewer rental” 
charge means that he is in fact paying twice for the system. 

The sewer service or rental charge method has been fairly 
well worked out, but its application has raised other problems 
in connection with administration, billing and collection. These 
problems have, in an increasing number of cases, fallen upon the 
water department. They have been described very aptly as 


several series of problems rather than one particular question. 
On general policy and administration problems little has been 
written, and in all the data available there has been little to 
indicate the best practice or to guide the executive. 

With full realization that there exists a wide spread in local 
conditions, that laws, ordinances and local prejudices may be 


difficult to overcome and that definite standards, applicable under 
all conditions, are not now possible, it is the hope of the Commit- 
tee that its conclusions may here produce discussion from which 
will finally develop definite recommendations to the effectual, 
economical and workable administrative machinery and prac- 
tices. These recommendations will then be available as a guide 
to those now struggling to emerge from their difficulties and to 
those water works superintendents who suddenly find themselves 
confronted with the task of collecting both sewer and water 
charges. Only by full discussion by all those who are interested, 
and by exchange of information among those having knowledge 
and experience, can a workable outline be established for others 
to follow. 

Water superintendents have generally hesitated to endorse the 
joint administration of sewer and water works. Particularly 
have they been skeptical of the effects on the water department 
of assuring the collection of sewer service charges. At the start, 
tie difficulties appear many, and it is true that the joint admin- 
istration, billing and collection of water and sewer bills intro- 
duce certain problems, but experience is showing that, with 
proper rules and methods of procedure, these difficulties are not 
insurmountable, nor do they appear to place the water depart- 
ment in an unfavorable position. 

Sanitation and public water supply are both indispensable 
services in modern communities; although essentially comple- 
mentary services, they have developed separately and in the 
great majority of cities are administered separately. The neces- 
sity for enlarged or improved sewage facilities has created new 
problems in financing, and, concurrently, means for more effi- 
cient administration. Not so long ago many cities were strug- 
gling under the burden of relief expenses and could not increase 
their bonded indebtedness. They feared to impose further in- 
creases in general property taxes. The revenue bond and service 
charge method of financing provided a practical solution for the 
many cities that were able to avail themselves of this method. 

Today, with the inescapable necessity of increasing the na- 
tional debt, state and municipal governments, accounting for 
approximately one-third of the total indebtedness, will be ex- 


This paper was presented before the A.W.W.A., at Toronto, 
Canada, in 1941, by Mr. Thompson as Chairman of the Com- 
mittee on Joint Administration and Collection of Water and 
Sewer Accounts and reproduced by permission of the Association. 


pected to keep expenses to a minimum. There probably will be 
some restraint on new issues and in this situation the adaptabil- 
ity of the revenue bond method will prove its worth. Financthg 
out of revenue from service charges—the revenue bond method 
which does not add to the bonded indebtedness of the mu- 
nicipality, has gained great favor. 

The Committee has attempted to determine the effectiveness 
of existing legislation permitting the construction of sewerage 
systems and sewage disposal plants, and of the authority for 
bond issues, general tax levies and sewer service charges. Twenty- 
seven states now appear to have adequate satisfactory legisla- 
tion. Eight report either no legislation at all or unsatisfactory 
legislation. Two states report that special enabling acts are re- 
quired, and two report difficulty in the sale of revenue bonds, 
suggesting need for careful review by the authorities creating the 
power to issue bonds. In but five of the 42 states reporting did 
there appear to be restrictions on the creation of metropolitan 
districts, although a complete analysis of the state laws would 
have to be made and a legal opinion obtained before a conclusion 
could be made regarding the actual situation in any state. The 
fact remains that a great deal of the legislation or amendatory 
legislation has been passed within the past ten years, indicating 
the growth in sentiment for water and sanitary districts. Some 
of this, however, has been emergency legislation and must be 
given careful study before amendments are offered. While ade- 
quate legislation appears to be available in 27 states, in only a 
few of the states have the provisions been used to any extent. 

Replies from 30 water superintendents to a questionnaire on 
legislation, rules aiid policies, indicate that the water works pro- 
fession is far from agreement on its ideas concerning either 
rates or methods of administration. 

The establishment of special boards for the joint administra- 
tion of the operation of a water department and a sewage dis- 
posal plant appears to the Committee to be largely a matter for 
local decision. Responsibility for maintenance, operation and 
construction of sewerage systems and disposal works may not, 
properly, be of concern to the water works administration, often 
being delegated to other departments. The actual control of plant 
operations of water and sewerage systems under one administra- 
tive head, however, would appear to have certain distinct ad- 
vantages. The administrative functions, including the duties of 
billing and collection, present problems so similar in nature and 
may effect such economies that control under one administrative 
head seems most logical and advisable. 

Since a water department has already set up the machinery 
and facilities for both billing and collection, separation of these 
functions is a duplication of effort and an expense neither justi- 
fied nor effectually criticized because of the added burden placed 
on the water works superintendent. Since, generally, those who 
are beneficiaries of the sewage disposal plant or sewage system of 
the city are water consumers, the water department already has 
available the most reliable and complete consumer ledger system. 

There is a wide variation in the officials on whom responsibility 
is placed. A recent survey of 91 cities showed 14 different 
classifications of officials in charge of sewer systems; 13 of the 
91 were water superintendents, 11 joint superintendents of both 
water and sewer systems. Of 94 cities surveyed, 18 held water 
departments responsible for sewer rental collections. Thus, it 
seems that the responsibility for the administration of sewer 
rental charges is assigned in many ways, depending upon statu- 
tory provisions, governmental organization and the basis of 
rental. With the increased demand for improved sanitary condi- 
tions, it is becoming customary to make the water department 
the responsible agency through which a financial plan and sub- 
sequent administration can be worked out. 

A superintendent confronted with the problems of joint ad- 
ministration of the two services must, at the start, be concerned 
with certain definite problems: 

1. The matter of legislation or statutory authority: It is highly 
desirable that such legislation: (1) clearly establish the admin- 
istrative body and method of financing; (2) grant to such ad- 
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ministrative body the power to adopt a rate schedule and neces- 
sary rules; (3) provide authority for the enforcement of all 
rules; and (4) make definite provision for the separation and 
disposition of all funds collected. 

2. The determination of the amount of money to be raised 
by a sewer service charge after a policy has been established 
regarding the part of such charge that will be used to meet 
costs of operation, maintenance, betterments, extensions and debt 
service: When the sewer service charge is based on water con- 
sumption the superintendent can make a reasonable estimate of 
the probable returns. It is desirable that this sum be such that 
ft will be reasonably constant over several years, in order to 
avoid upsetting charges once they are established. For this pur- 
pose it is wise to design rates that will produce a slight surplus 
which may be used as a cushion against increased costs of 
sewage treatment or fluctuation in water consumption. 

3. The method of raising the desired revenue. 

4. The methods of billing and collection and control or ac- 
counting. 

5. The adoption, by the administrative body, of local rules 
and ordinances governing the matter of collections, discontinu- 
ance of service, discounts or penalties, etc. 

With the present high tax rates and, in many instances, tax 
limitations, every means is being sought to find new sources of 
revenue. The primary purpose of a sewer rental fund, however, 
should be to provide for the proper financing of the maintenance 
and operating costs of the sewage system and sewage treatment 
works. Practice has shown a wide variation in the extent to 
which such revenues are relied upon to meet capital, operating 
and maintenance costs, but the Committee feels that considera- 
tion should be given first to the combined method of financing, 
ie., assessing the cost of construction against the property bene- 
fited amd making a service charge for maintenance and operation, 
with authority to transfer any surplus income from time to time 
to amortization of the funded debt. Another variation of this 
method is to include in the service charge the cost of the treat- 
ment but not of the sewerage system itself. The revenue bond 
method for the entire cost is a special consideration and not 
susceptible to conclusive recommendations. 


Installation of a sewer system and disposal plant is beneficial 
to all properties, even to vacant property, by enhancement of 
potential values, and therefore, should be taxed for the costs of 
these improvements. The costs of maintenance and operation are 
attributable to and equitably chargeable to the users of the 
works. It is realized by the Committee that tax-exempt property 
will escape any payment of the capital costs, but legal opinion 
seems to indicate that sewer rental costs must be uniform and 
cannot be increased to the user of the system, located on tax- 
exempt property, when such increases are ostensibly for the 
purpose of collecting the equivalent of the tax item for con- 
struction. 

About twenty different forms of sewer rental or sewer service 
charges are now existent, based upon uniform charges, the 
quantity of water consumed, the number and type of plumbing 
fixtures, the number of persons served, the type of premises, the 
character of the sewage, or upon a combination of one or more 
of the above methods. The water superintendent, as administra- 
tor of such collections, should be vitally interested in and con- 
sulted in the establishment of any sewer rental rate structure. 
While the burden of responsibility for the rates should remain 
with the sewer division or the city administration, it is highly 
desirable that they be made with the advice and approval of the 
water works executive. In establishing the basis, the portion of 
the total cost which can properly be borne by the city as a 
whole, i. ¢., collected by taxation, and the balance to be collected 
as a reasonable charge against the users, in proportion to the 
individual benefits derived, must first be determined. 

A discussion of the many methods or bases for sewer rentals 
is covered in the several publications previously referred to, but 
a study of the many methods and the apparent trend through 
experience prompts the Committee to favor a charge based on 
the metered water consumption, either as a percentage of the 
water bill, or directly on a consumption basis. Directly on a con- 
sumption basis, the billing may be at a uniform rate or a step 
rate. A flat rate is not fair to the small consumer. A rate based 
on fixtures is difficult to administer. The metered-water method 
is the closest approximation to the use of system that is prac- 
tical of application. It is dependent upon complete metering, and 
modifications have to be taken into accotint for private supplies 
and such industries as use large quantities of water which are 
not discharged into the sewer system. When the water supply is 
not metered, a flat rate based on the size of the water service 
or connection, or a charge established as a percentage of the water 
bill, would produce an approximation of the foregoing m>*hod. 
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The cities of St. Paul, Minneapolis and Detroj 
rentals which are typical of the three methods oe have. sewer 
or indirectly, on water consumption. All three methods to 
been operating very successfully. have 
Minneapolis bills for water at the uniform rate of 7% 
per 100 cu. ft. Sewer rental charges, which are also based <a 
metered water consumption, are on a sliding rate scal . 
follows : ~= 


ee 100,000 cu. ft. @ 2.8 1 
—_ Rregaaeasanerne: 200,000 cu. ft. @ 1c per 109 cit 
oy Fees 300,000 cu. ft. @ 0.75c per 100 cu, ft 


The minimum bill rendered is 37 cents. 

For one and two-family homes the winter quarter water co 
sumption is used as the basis for sewer rental charges throughout 
the year. The owner or occupant of this type of property is thus 
relieved of paying a sewer rental charge on water consumed 
for lawn sprinkling. Large consumers, of course, receive the 
benefit of the sliding scale. The annual revenue from sewer 
rentals is designed to care for operation and maintenance, 60) 
per cent of the fixed charges of the treatment plant and 30 
cent of the fixed charges on intercepting sewers. The balance of 
the costs are raised by a mill tax. 


St. Paul uses a step rate for water consumption plus a fixed 
or service charge based on the size of the water meter. The 
sewer rental charges are only indirectly based on water con- 
sumption, being based upon the size of the water meter rather 
than on consumption directly, as follows: 

Annual Water 


Size of Service or Annual Sewer 

Meter Demand Charge Rental Charges 
Dh scecodaterwiedéaicunanul $ 3.00 $ 2.40 
th tineksessbecwbexenensnet 4.20 3.00 
Die sadeewnrecaneseteeetacin 7.20 5.00 
Dt senkechtiitiiaidedennwes 10.20 9.00 
DE, dancihmeshedetinn stabi 13.20 15.00 
Th: égeancensiebenenievannes 27.00 30.00 
: re ee eer ee 60.00 75.00 
Ak btonsenkedenscenneunseas 120.00 180.00 
es arte eee 240.00 360.00 
“Uh. aspesnsedsoodsoxséuaeuan 420.00 630.00 
a Mh eutisdtdnwichbiins enbensed 600.00 900.00 
Ry aero ot 1,350.00 


The total collections for sewer rentals are used only for costs 
of maintenance and operation. This city reports that the method 
has worked well except that, since both the service charge for 
water and the sewer rental charges are based on the meter size, 
the department has received several hundred requests for a 
reduction in the size of the water meters. Reductions granted 
have, of course, reduced both water revenues and sewer rentals. 

Detroit has a three-step water rate plus a service charge based 
on the size of the meter. The sewer rental rate of 11 cents per 
1,000 cu. ft. of water consumed is added to each step of the 
water rates, and water consumed is billed at the one combined 
rate to include both water and sewage disposal, as follows: 

Sewage Disposal Total 


Water Consumption Rate Per Rate Per 
Charge 1,000 Cu. Ft. 1,000 Cu. Ft. 
First 10,000 cu. ft. per month 78c per 
Det 2. sccanesenenssdenanese llc 89c 
Next 900,000 cu. ft. per month 60c per 
seer 1l1c 71c 
All over 100,000 cu. ft. per month 48c 
OOP Be Os GA. 00000006 200000082 llc 59c 


The service charge is added to consumption charge and all 
shown as one item on the bill. 

In certain localities the presence of one or more industries may 
so affect the strength or character of the sewage, due to the de- 
gree of pollution, that some account must be taken of it in the 
rate structure. This is particularly true when the cost of operat- 
ing a sewage disposal plant is involved. Also, in certain indus- 
tries, where a large amount of water is consumed, provision may 
be made to discharge the industrial waste so that little if any use 
is made of the sewage disposal system, or even the sanitary of 
storm systems themselves. While some cities take no account of 
this factor, it seems fair to reason that, when a large percentage 
of the water used is not returned to the sewers, some adjustment 
in the sewer service charge is proper and even necessary to meet 
statutory requirements. While the enabling act should provide 
the authority for such a change, it is the opinion of the Committee 
that the basic charges, based on water consumption, should still 
be continued, and such conditions treated as special cases, making 
equitable adjustments in the charges, and so preserving the sim- 
plicity of the general rate structure. The enabling act should give 
the administration or those invested with power to establish the 
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rates, proper latitude to make certain uniform adjustments or 
exceptions to the rate structure. ; 

Many cities are confronted with the problem of private sources 
of water supply, the water from which finds its way into the 
public sewer system. Authority for the billing of _such accounts 
for the sewer service charge must be provided. There seems to 
be no reason why the same rates cannot be applied here as to 
users of the public water supply. 

In St. Paul and Minneapolis there are 376 private wells, pro- 
ducing approximately 40 m.g.d. The two cities report favorably 
on the complete metering of the private supplies accomplished 
by ordinance, the sewer rental billing made in Minneapolis being 
on the water pumped from the private wells, and in St. Paul on 
the size of the meter as set on the well. 

In these cities, where the private supplies have been metered 
for about eighteen months, it is reported that there has been no 
particular criticism. In both cities each case was individually in- 
vestigated and the owner advised regarding type and size of 
meter. Perhaps the greatest difficulty experienced was the stop- 
page of meters due to sand pumped from the wells. In St. Paul, 
where the charges are based on the size of the well meter, the 
billing is continued until a well is reported out of service and 
sealed. The installations of small wells for air-conditioning, 
which are not used during the winter months, are billed through- 
out the year. aaa eae - 

Ordinances should provide for the registration with the billing 
agency of all old and new sources of private water supplies. 
These meters should be read and treated as any other account. 
Since the department has no method of discontinuing such pri- 
vate supplies for non-payment, provision should be made to 
place delinquencies on the tax rolls or to file them as a lien 
upon the property. 

The trend toward suburban development in many cities has 
become a real problem. Those who move outside the corporate 
limits of the city for various reasons, in some cases to avoid city 
taxation, demand the same utility services they enjoyed in the 
city. When tax funds have been used to construct and maintain 
a sewerage system and/or a sewage disposal plant it seems un- 
fair that such facilities should be placed at the disposal of non- 
residents at less than actual costs. When metropolitan districts 
are established to furnish utility service to such areas, it is 
highly desirable that sewer rental charges be increased to repre- 
sent at least the equivalent amount paid by those taxpayers who 
are or have paid for the construction of the utilities services. The 
Committee feels that there is every justification for the creation 
of métropolitan utility districts, but where those consumers of 
the service are beyond the tax jurisdiction of the municipality, 
the payment for such service should represent at least the equiva- 
lent of the sum total payments made directly or indirectly by 
the consumer for like service inside the city, including all costs 
of amortization, interest, depreciation, maintenance and service. 


The difficulties encountered in the collection of sewer service 
charges are not very great once a sound and workable method 
is adopted. Sewer bills or sewer service charges may be made 
separately and entirely independently of the water bill, sepa- 
rately and attached to the water bill, included in the amount of 
the water bill, or shown as a separate item on the water bill. 

There is a natural antipathy among water works men toward 
confusing the water bill with charges which are primarily of no 
concern to the water department. Placing additional charges on 
a water bill, it is felt, will conjure up in the mind of the con- 
sumer the idea of an increased water bill. For this reason the 
practice of making separate bills has often been employed. The 
committee is of the opinion that the additional expense involved 
in isSuing separate bills is not justified, that experience is prov- 
ing that a water bill, carefully prepared and explanatory, will 
neither confuse the consumer nor bring undue criticism upon the 
water department. It is reported that during the initial stages 
many inquiries are received but that once the additional charge 
is understood, the complaints are few. 

Simplicity in rate structure and in billing is highly desirable. 
One of the strongest arguments in favor of a rate based on 
water consumption is the ease with which the charge may be 
included with or on the water bill. The bill should be clear and 
should properly indicate each charge. A statement of the rate 
schedule is highly advisable. Proper publicity prior to the initia- 
tion of the combined method of billing and proper explanation 
have been found to work successfully and to overcome the fears 
of the superintendent. Reports indicate little, if any, increased 
delinquency in the payment of water bills. A printed notice on 
all water bills to the effect that the water department is acting 
only as the collection agency for sewer rental charges and that 
the funds are maintained separately had proved helpful in a 
number of cases. 
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Practically all public utility types of billing machines can be 
so constructed as to indicate the water charge and the sewer 
rental charges separately, and to tabulate or accumulate the two 
accounts separately for proper accounting purposes. ‘This 
process is available even to the extent of duplicating or repeat- 
printing the amounts of the bill proper and on the cashier’s 
stub Much clerical and consumer’s time may be saved and a 
clear record kept if all collections made are credited on the one 
ledger card under proper headings. Accounting control and trial 
balances are simplified. Separate accounting of each fund is 
highly desirable, and since the water department is acting only 
as the collection agency, the funds collected for sewer rental 
purposes should be credited directly to such an account and 
turned over to the proper authorities for disposition and dis- 
bursement. Colored ledger cards for carrying the accounts of 
private supplies are desirable and helpful in distinguishing the 
type of supply easily and quickly, without interference with the 
financial control system. 

Some provision must be formulated in the case of delinquents. 
Simplicity indicates that the same discount rate or penalty should 
be applied to sewer and water accounts. 

The water department should have the right to instigate all 
rules governing the method of collection, time or period of bill- 
ing, to correspond with the regular water billing periods, the 
rules for collection of delinquent accounts, turn-off for non pay- 
ment, etc. Since it is not practicable to shut off a sewer connec- 
tion, the most logical and practicable method of forcing payment 
of sewer rental charges is to demand that they be paid with the 
water bill, with right to deny service of both. While on the face 
of it, it does not seem fair to a water department to be required 
to deny service to a water consumer because he refuses to pay 
a sewer rental charge, here again experience shows that the per- 
centage of delinquencies is very small, varying usually from 
zero to 10 per cent in 37 cities, with one city reporting 20 per 
cent and two as high as 30 per cent in the depression period. 
There is no reason to believe that the sewer rental charge on a 
water bill has increased delinquency. 

In practice it will be found that numerous accounts are not 
connected to the sewer system and, therefore, are not subject to 
the sewer service charges. In one city a charge is made where 
the sewer is available, irrespective of whether actual connection 
is made or not. In another, no charge is made until actual con- 
nection is made. In initiating the sewer rental charges in the 
latter city, the charge, initially, placed on all ledger accounts and 
billed until complaints and investigation proved the error. 


When charges are based on the water consuined and allowance 
made for lawn sprinkling, it is the usual practice to establish, 
by a review of the. reading sheets, the normal or average con- 
sumption for one billing period at each premise as indicated in 
the off-sprinkling or winter months and to indicate the amount 
so arrived at on the reading sheets and ledger cards as the 
average domestic consumption. The sewer service charge is then 
applied to this same consumption at each billing period. Estab- 
lished percentages of the water charge or fixed charges, when 
these methods are used, and any other information necessary to 
billing should be entered on both reading sheets and ledgers. 
The water superintendent should see to it that his department is 
reimbursed for all expenses incurred in carrying this added 
service. These costs may include additional billing equipment, 
the cost of changing over some equipment to meet new demands, 
the cost of new ledgers, a fair and proportional share of the 
postage, clerical and misceflaneous expenses. 

The water superintendent should have the complete coopera- 
tion of the public works department, sewer department or what- 
ever agency controls the installation of new sewer connections, 
in order that records may be completely and accurately up to 
date. Insofar as possible each department should be self-sustain- 
ing, free from any political interference and in full control of 
the revenue received, subject only to the limitation that they be 
expended for water works and sewerage services and for no 
other purpose. 

—_—_-———_——_—_—_—4 
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SEWER MAINTENANCE 


By C. GEORGE ANDERSEN 


Superintendent, Department of Sewers and Sewage Disposal 


Rockville Centre, Long Island 


In the sewerage problems of today the treatment plant and types 
and design of sewers seem to take the lead. Now, when one con- 
siders the investment in sewer lines as the primary structure, 
providing an indispensable service in the removal and disposal 
of sewage, we are in general too negligent in the matter of mainte- 
nance and operation of sewers for the best interests of the public 
and efficient functioning of the treatment plant. 


At Rockville Centre the writer, like many other men in charge 
of sewerage systems and sewage treatment, had his problems. The 
first was the effective and economical treatment of liquid and 
solids at the treatment works. Then, after catching up on this 
important phase of the cycle, in looking around it seemed impor- 
tant to face squarely the other sewerage investment amounting to 
four times as much,—namely, the sewers. In Rockville Centre we 
have not so many miles of sewers, nor very large ones, but those 
we have are as important to proper functioning of the entire sys- 
tem as though they were in a metropolis. The sizes range from 
8 to 30 inches, and these sewers clog with roots, sand and many 
other materials. 


Sewer Cleaning 


Sewer cleaning being one of our problems, after our sewer lines 
are laid it becomes a necessity to maintain them in good working 
condition, and we might just as well lay out a program of routine 
cleaning and maintenance, rather than wait until trouble over- 
takes us. Continuing and repeated emergency calls, growing out 
of sewer stoppages, is very costly. In addition to extra expense 
there results many disgruntled taxpayers, inconvenienced by stop- 
pages and put to added expense, due to their sewer lateral being 
plugged because of some backage in the main in the street. 


Some Notes on Equipment and Its Effectiveness 


For sewer cleaning and removal of roots, there are many types 
of equipment now available. Flexible steel sewer rods are a recent 
innovation in such equipment. These rods have an advantage in 
that the necessity for going down in manholes is eliminated. The 
rods are made up in three foot lengths, which coupled together 
make one complete flexible rod that is usually coiled between uses. 
Wood rods of five foot lengths (coupled together as they are 
being pushed into the sewer line) also continue in use to some 
extent. The wood rods, being more rigid than the steel rods, 
follow a straight line more successfully, but cannot be turned 
and forced to the extent that the new flexible 
steel rods can. f 


The “Turbine” type of sewer cleaning 
instrument is probably the most positive of 
all types made today. This device (adjust- 
able to any diameter sewer) is a water pow- 
ered rotating cutter. In employing the “Tur- 
bine”, it is necessary to have two winches 
and cable to draw it through and back be- 
tween manholes in the line, while the high 
speed rotating knife blades do a clean job 
of root cutting and scaping. 

Rods of any kind, which can be used effi- 
ciently in making time and mileage when 
going over an entire sewer system as laid 
out in a program, are good up to a certain 
point such as the removal of small deposits 
and light root growths. On the tougher jobs, 
such as spots where knob roots have formed 
(see cut), a more positive applied type of 
equipment is required. In such cases it be- 
comes necessary to use the “Turbine” cutter, 








I stress this point, because on one occasion a severe stoppage 
occurred in an eight inch line. Our Flexible sewer rods were first 
used, but could only give relief to the extent of four inches, That 
is, the four inch auger-head was the largest tool that could be 
forced through. The supposition in this case was that the trouble 
was caused by a broken spur, being replaced by a makeshift stack 
which extended into the sewer line. Many other suppositions also 
were expressed, but there is only one thing to do in a case like 
this (and such is good for experience)—dig it up. This was done 
and the trouble was, in fact, at a spur. The spur was not at fault, 
however, but through the joint preceding it a large root had 
entered. The question was, how to remove it. A hole was cyt 
in the eight inch tile sewer line so that action of the available 
cutting tools could be observed as it was applied to the root. The 
root had formed a five finger knob on the top inside of the pipe 
(see cut). When the Flexible sewer rod with the auger used in 
eight inch line was applied to the root the tool just jumped back 
and had no effect. This satisfied me as to the necessity of having 
a positive applied sewer cleaning cutter, especially for clearing 
out those very deceiving top roots which cannot be removed by 
auger and do not stop sewage flow until they are definitely a 
menace in the sewer. 

Sand and gravel which have built up around paper, roots and 
other matter in a sewer, are also a headache. We find that one 
cannot have too much equipment. And, we have also learned that 
in sewer maintenatice different makes of equipment can be used 
in combination or in sequence to produce very efficient work. 
Take the case of sand; Flexible steel rods can be used to get an 
opening through the sand. This constitutes the first important 
step. Then a cable may be drawn through so as to draw a bullet 
or tool for loosening and liquifying sand stoppage. Thereafter, 
the Turbine flusher or cleaning buckets, whichever proves the 
more efficient, may be used. 


Mapping and Program Setting 


In setting up our maintenance program, the village map was 
taken and divided into sections, each section being given a number. 
In connection with the map, a section book, card index and a 
daily log book was also established. The section-book is made 
up of all the sewer sections, showing the sewer lines flush man- 
holes, distances between manholes, etc. Each page (map) covers 
a separate section (see cut) and the crew operating makes con- 
stant use of detail maps in the field. The card index is set up 











or some similar tool, that will slowly but 
surely remove the obstruction if it is such 
as can be cut by steel. 
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Our Maintenance Truck and Equipment 


A 1%4-ton unit, which seems a little light. A 2¥%-ton unit we believe preferable. 
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move stoppage, or determine the necessity 
for a more detailed job such as “turbining. 
In their travels they repair masonry in 
manholes, pack loose manhole lids that 
disturb residents because of banging under 
traffic. 


In stopping rattling manhole lids many 
things were used which were unsightly on 
the streets. A gum was then used and 
served the purpose for a time. The most 
satisfactory thing to date has been a tape 
packing called “Tapax.” It is laid around 
the full circumference of the manhole lid 
seat, after thoroughly scraping and brush- 
ing it clean. 


In the larger sewers (15 inch and above) 
we find that the large wire brushes, that 
are part of our “Turbine” line of equip- 
ment, can be used more efficiently for 
cleaning and indicating trouble than can 
the Flexible steel sewer rods. 








Some of the Equipment 


Hese and guards in left foreground; a pair of cable winches, against one which leans 
cable braces with pulleys inserted in manholes to guide cables. In center, a spool of 
light threading cable and _a set of effective metal scouring brushes (8 to 18 in) 


The mere looking down at the flowing 
sewage, after flushing, does not indicate a 
clean free-flowing sewer. This much the 
experience related previously herein has 
taught us. 


supplied by the Turbine Company of Milwaukee. Rear center, on chest containing 


cutting tools and sleds (6 to 20 in.) for Turbine Cutting heads, is a drag and Turbine 


Cutter complete for 8 inch jobs. 


for each section and any conditions found worth remembering 
for the future is recorded on such cards. The log book main- 
tained to show a complete record of all work done in connection 
with maintenance and cleaning, carries daily reports showing 
the number and location of the work section, the type of equipment 
found needed, number of feet of sewer cleaned, remarks on condi- 
tions, number of laborers employed and cost of the job for the 
day. A specimen page from the current log-book is: here repro- 
duced to better picture.the type of entries made. 


The plan of maintenance is so arranged that at least 78 miles 
of sewer will be checked once every three years or 26 miles yearly. 
The actual working time is 5 days per week during the spring and 
summer months only, involving in all about 150 days per year of 
maintenance work. The program is planned and timed to run 
from March 15 to July Ist, the work being resumed in September 
and terminated on November 15th. The reason for such a schedule 
is that it eliminates this type of work in the hot weather and also 
in the cold winter season, the two most disagreeable times to do 
this work in an efficient manner at least cost. 


In the program the business area is done during the month of 
June, work commencing at 4 A. M. and 
stopping at noon. At this time of the day 
there is the minimum of traffic of any kind 
to hinder the work, therefore all work 
that is interfered with by traffic can be 
completed by the time traffic does start to 
move The three man operating crew con- 
sists of a leader, who must be a reliable, 
industrious individual, and two day labor- 
ers. A sewer inspector (or the superin- 
tendent) orders sections of work to be 
done, and likewise supervises the work and 
sees that adequate records are kept. 


In connection with organization, consid- 
eration must be given to equipment men- 
tioned and a transport for such. The truck 
does not have to be an unsightly thing. We 
use a 1}4-ton black panel job, but find that 
a 2%-ton unit is preferable, as more space 
is available for the equipment, which con- 
sists of 1000 feet of hose, manhole and 
hose guards, Flexible rods and cutting 








Flushing 


The basic requirements for effective 

flushing of sewers are splendidly presnted 

by J. D. Watson in WateR WorKs AND SEWERAGE for August, 

1937. [The same article being reprinted in the Reference and 
Data Section for 1939.—Ep.] 


Sewers today are flushed both manually and automatically. The 
former method is done by using a hose or drawing from pond 
into the end manhole of a section of sewer line, known as a flush 
manhole. Also there is the automatic flush equipment frequently 
installed at the end of a line. The equipment includes a siphon 
arrangement built into the manhole and discharging into the 
sewer. The flush tank is continuously refilled by a constant regu- 
lated flow of water into it, the rate being controlled by a special 
faucet. In operation, the flush tank is filled to a certain depth by 
the water from the faucet. When the head of water is sufficient 
to cause the siphon to start operation, the siphon empties the tank 
rapidly and thus flushes the sewer. The idea in all cases of flush- 
ing, be it drawn from a pond, by hose, or automatic flush tank, 
is to cause the flowing off of sewage solids depositing in a flat 
grade or “lazy” sewer. The hose flushing is the most practical 
and effective method, as it can be applied anywhere along the line. 


The automatic flush, which is still being used, has to be main- 











tools, water powered Turbine, cutter, 
shovels, picks, lantern, flags, tools and 
emergency first aid. 


_ The operation of the maintenance crew 
is to put through the sewers a tool that 
will either indicate a clean sewer, or re- 


Rear of Truck—More Equipment 

Flexible sewer rods connected and coiled on revolving wheel stand. Rear of truck, 
replacement rods and various types and sizes of augers and screw heads (4 to 10 in.) 
for Flexible rod work; stop valve for controlling pressure from hydrants used in 
flushing and Turbine operations; Flexible rod man-hole guides, wrenches and 
ratchets; man-hole guards flag-stands, etc. 


W. & S. W.— REFERENCE & Data — 1946 





R-182 


tained. The strainer and orifice through which the water flows 
to the tank has to be kept clear. Varying pressures in the water 
main has a tendency to loosen iron deposits which choke the 
strainer or orifice; also water that has been treated with lime 
and chlorine causes clogging and trouble with such equipment. 
There is also the cross connection hazard with this type of equip- 
ment which is now being eliminated as much as possible. 


As mentioned before, a flow of water will not indicate a clean 
sewer. Unless properly applied water flow alone will not clean 
a sewer from a practical man’s point of view, other than to flush 
through material that has been scraped and cut loose or those 
deposits that are rather easily moved. To clean a sewer effectively 
involves the removal of films that are building up to a thickness. 
To accomplish this, the positive scouring type a jetting nozzles 
must be run through the entire sewer. The flow from a fire plug 
may seem terrific on entering the line, but very soon levels out 
to nothing more than a fast flowing stream. As to how much it 
removes from the walls of the pipes is speculative. 


Roots and Service Connections 


Roots are the big problem in sewer maintenance. We know 
where they come from—but how to control them? We can to some 
extent cut down the trouble in the following: 


i. Stricter inspection of new lines being laid. 


2. Material used for joints. This is no better than workmanship 
of labor performing the job. 





3. Ordinance directed to elimination of the most prolific 
growing trees such as poplars, swamp maples, weeping wie 
lows, etc. 


It has been interesting to hear some of the reports as to how 
roots will be attracted to sewage, passing up water dj under 
them and reaching out for a crevice or bad joint in a sewer 

There are many contributing factors—the temperature of sew. 
age, and its content of plant food being the more important 


Service connections into sewers should be inspected as to 
and workmanship of a joint. A poor grade and joint means { 
trouble for all concerned,—user and Sewer Department. It is pe 
easy to take drain-layer’s and plumbers’ word for the work done, 
but once inspected and passed the installation becomes the respon. 
sibility of the department passing it. You may argue the point 
later and think that you have won out, but the taxpayer finally 
has his day, as we have witnessed so much of late. 


The responsibility for maintenance of sewer connections result, 
in a dispute many times. I contend and carry out the policy that 
where service charges are not made, a sewer lateral should be the 
sole headache of the one using it. The sewage and waste that js 
run out to the sewer comes from that property. Any trees in the 
vicinity are for his comfort, and for a department to take over 
responsibility from the curb to the main leaves us with the ques- 
tion, Where is the end? Most Sewer Departments have a limited 
personnel, and to be called out on each house stoppage occurring 
certainly makes a condition of despair many a time, because of 
the inability to catch up or demand more labor, which cannot 
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Detail Map—Section No. 20—Business District 


Taken from owe Section Map Book covering the 24 sections of the Rockville Center System—Practically indispensable in 
effective and economical maintenance work, recording, trouble finding, etc. 
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Type of Top Root and Knob Which Calls for a Positive Cutter 
Yere the water pressure driven cutter does the job—See Test. 


always be justified. The use of castiron house connections will 
eliminate much grief for all concerned. 


The policy as to sewer connections lays with a governing body 
of a community, and it is the duty of an officer of a department 
to bring forcibly, and with clarity, any constructive measures 
that he recommends. If this is done, he has done his duty to him- 
self and the taxpayer. It is his duty then to carry on to the best 
of his ability. 














One of Our Pets 
A prize root which tore away, leaving a 
five-finger knob on the top inside of pipe 
—see sketch—which was still a stoppage 
producer. 


M 
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Pump Stations 


The pump station is the central point to which all Stavity lines 
feed, and it puts us in mind of a large city into which everyth; 
pours and straggles, and with positive energy must clear itself 
to survive. And so in our pump stations, consideration must be 
given to what comes in and to what extent we must ZO to dispose 
of it. The very mention of a pump station brings to us the fact 
that there is equipment to be considered. Screens, be they bars 
or baskets or mechanical grinders, have to be kept clean and the 
mechanism has to be checked regularly for lubrication, wear and 
tear. Pump and motors should be inspected regularly as to align. 
ment, lubrication—changing old oil and grease at least once a 
year. Check pumps for clogging, also condition of packi 
Pumps should be taken down at least once every five years i 
they have run that long without trouble. In that way parts may 
be replaced at your pleasure and not at some inconvenient time 
as an emergency. The conditions under which a pump works 
more or less determines the time for inspections. 


Chlorinating equipment should be inspected for leaking joints: 
exposed parts should be covered with vaseline; strainers and 
other parts that clog with salts should be inspected as often as 
necessary. Under ordinary conditions once every three months is 
sufficient. Chlorine causes considerable trouble to electrical equip- 
ment and the two should never-meet. Newly designed stations 
have a complete separation of the chlorine room from other parts 
of the building. 


The well into which all the sewage flows should be kept clean 
for at this point sludge and grit settle out and putrifaction and 
odors set up which become a nuisance to surrounding properties, 
Daily flushing of a well is the most efficient way of keeping it 
clean. Any solids or grit which have settled can easily be flushed 
away with an inch and a half hose and nozzle. While considering 
the adjacent property owners, it is well to consider the beautifi- 
cation of the grounds and maintenance of the inside and outside 
of the building. The care of pump stations, if there are enough 
of them, warrants a utility man whose job it is to keep them 
in condition. 


Costs 


The cost of this type of maintenance shows an excellent 
economy in the form of a satisfied public, and also in dollars and 
cents. The equipment needed for effective maintenance totals some 
$2,700, and we plan on replacement every threc years. Deprecia- 
tion and interest runs the equipment cost to about $900 per year 
for our system. To this must be added $25 per day for 150 days 
per year to cover planning, administration, supervision, labor— 
say $3,750 per year. 

Based on a coverage of 26 miles (137,280 feet) the cost per 
foot of sewers cleaned and maintained is— 


(150 days X $25) + $900 
= $0.34 per foot. 





137.280 ft. 


To cover liability, other insurance, and miscellaneous items such 
as gasoline, water used, etc. The cost may run to 4 cents per foot 
maximum. 


Summing Up 


The old method of sewer maintenance, which usually amounted 
to keeping the fingers crossed until the next call for help is 
made—then digging up the streets, making repairs, refilling and 
repaving, resulting in disgruntled taxpayers—is very expensive 
as against an orderly economic sewer maintenance program. At 
least such has been our experience in Rockville Center. 
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THE AMERICAN BRASS COMPANY 


| General Offices: WATERBURY 88, CONNECTICUT 
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i Everdur Metal 
-e For Sewage Treatment Equipment, Reservoir and Water Works Service 
rf 
may 
time, 
vorks FOR SEWAGE TREATMENT EQUIPMENT 
ints : | 
dn Everdur* Metal, The American Brass Company's copper-silicon 
hs is : alloy, is offered as one of the most versatile materials available 
quip- for the fabrication of sewage treatment equipment. It has 
tions given superior service in this field for more than eighteen years. 
parts Everdur, made in several types, consists essentially of copper 
P Y P 
and silicon, with controlled additions of other elements. The 
clean tensile strength, in wrought form, ranges from a minimum of 
and 50,000 Ibs. per sq. in. for annealed tank plates to approxi- 
hes. mately 100,000 Ibs. per sq. in. in cold worked forms. Everdur 
4 alloys all possess high fatigue resistance and resistance to cor- 
ring . rosion — to or better than pure a There are Everdur 
ttifi- alloys adjusted for hot working and for cold work, and, with 
side two exceptions, these metals are readily welded by either the 
ugh oxy-acetylene torch or the carbon arc. 
hem ™ 
Applications 
Air filter of secondary room of the Ward's Island Sewage Disposal ia —= 
Plant. Framework of filter structure and filter holders are welded and The principal applications of Everdur for sewage treatment 
fenated Grovdar Shock, Vabdlented by Amesiean Otter Oe. ‘oe. are as follows: coarse and fine screens, swing gates, built-up 
lent sluice gates, coarse bar rack aprons, effluent weirs and scum 
and weirs, scum baffles and brackets, troughs, screen hoppers, ori- 
g PP 
ome fices, baskets, anchors, ladders, float gage chain, valve 
9 
< springs, manhole steps, walkways, bars and plates, bolts and 
os nuts, Electrical Metallic Tubing and Rigid Conduit. 
T— 
Advantages 
per Because of its high strength, corrosion-resistance and weld- 
ability, Everdur has effected considerable economies in equip- 
ment previously made of heavy iron castings. Relatively light- 
weight wrought sheets of Everdur, assembled by welding, pro- 
vide much lighter, more easily operated, and more durable 
equipment. 

Everdur Metal costs less than most high strength corrosion- 
ach resistant alloys, and not only meets many of the definitely 
- determined corrosion problems of sewage treatment, but also 

Ree: ies provides the necessary additional protection where the forces 
contra’, matonteien ng diameter Everdur float tubes. Designed of corrosion are variable. 
a _ i-Pesan g. Corp. for the Ward's Island Sewage 
sposal Plant, New York City. 
*Everdur is a trade-mark of The American Brass Company. Registered in the U. S. 
ted Patent Office. 
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< 9' 5I/," 
More than 100 of these Everdur weir plates, 3/16" thick, were installed in the concrete treatment tanks of the Coney Island Sewage Treat- 


ment Works. The 3/16" slots are 4" long, milled on ¥%" centers and relieved on the underside. Plates are anchored with |" x 21/4" 
Everdur bolts. 
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FOR RESERVOIR AND WATER DISTRIBUTION SYSTEMS 


Everdur Metal is performing highly satisfactory service as 

an engineering material in reservoir and water distribution 

ems. Convincing evidence of the superiority of Ever- 

ur for water handling equipment lies in the fact that it 

had been adopted before the war by the majority of manu- 

facturers of automatic domestic water heaters as the 
standard tank material for rust-proof tanks. 


Applications 


Its chief uses may be listed as: screens, screen frames, 
spillway fittings, flash board supports, bolts, steps, valve 
stems, flush box fittings and pipe. The largest use of 
Everdur for underwater equipment has been for concrete 
revetment installations in Mississippi River flood control 
projects. Hundreds of thousands of pounds of Everdur in 
the form of solid wire, stranded wire, clips, saddles, U-bolts 
and nuts have been used in the making, assembling and 
laying of the articulated concrete mattresses, which pro- 
vide the river bank protection. 


Advantages 


Durable, corrosion-resistant installations in masonry 
Fabricating economies because of its weldability with 
the carbon are and oxy-acetylene torch 


High tensile strength 


Engineering Service 


Members of the Technical Department of The American 
Brass Company will be glad to confer with Consulting and 
Sanitary Engineers regarding specific sewage treatment or 
reservoir and water works systems. A request for this 
engineering service entails no obligation. 

















Everdur copper-silicon alloy screen frame in the gatehouse 
of a New England water company. 


Publications Furnished on Request 


E-11 (Everdur for Sewage Treatment Equipment} 

E-5 (Applications, Physical Properties and Constants} 
E-6 (Everdur Bolts, Screws and Accessories) 

E-| (Everdur Casting Ingots) 

B-22 (Everdur Electrical Conduit) 





OFFICES AND AGENCIES 


. 66 Luckie Street 

140 Federal Street 

. . « ZO Sayre Street 
1326 W. Washington Blvd. 
101 West Fourth Street 

. 2906 Chester Avenue 
818 Seventeenth Street 
174 South Clark Avenue 
1605 Commerce Building 
1420 Sixty-third Street 
601 West Fifth Street 
1033 West Bruce Street 
527 Marquette Avenue 


ATLANTA 3, GA. 
Boston 10, Mass. 
BurFFAco 5, N. Y. 
Crricaco 7, ILL. 
CINCINNATI 2, OHIO 
CLEVELAND 14, OnI0 
Denver 2, Coto. 
Detroit 31, Micu. 
Houston 2, TEXAS 
KENOSHA, WIs._ . 
Los ANGELES 13, CALIF. 
MILWAUKEE 4, WIs. 
MINNEAPOLIS 2, MINN. 


744 Broad Street 

. . . 25 Broadway 
111 West Norris Street 
1228 Brighton Road 

. 200 Chestnut Street 
183 Main Street, East 

. .  « 408 Pine Street 
. 235 Montgomery Street 
. 1338 Fourth Avenue 
507 State Tower Building 
1511 K Street, N. W. 

414 Meadow Street 


NewarRK 2,N. J. _. 
New York 4, N. Y. 
PHILADELPHIA 22, Pa. 
PITTSBURGH 12, Pa. 
ProvipENCE 3, R. I. 
RocHEsTErR 4, N. Y. 
St. Louis 2, Mo. 
SAN Francisco 4, CALIF. 
SEATTLE 1, WASH. 
Syracuse 2, N. Y. 
Wasurncron 5, D. C. 
WatTeErBuRY 88, Conn. 


IN CANADA: 
ANACONDA AmeRICAN Brass LimitTep, General Offices, New Toronto, Ontario 
MontTreat Orrice: 939 Dominion Square Building 
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EXPERIENCE IN SEWER MAINTENANCE* 


By W. H. WISELY 
Exec. Secy. and Editor, Federation of Sewage Works Assns. 


HE practices and experiences presented in this article were 
T contsltated by the following, whose cooperation is gratefully 


acknowledged : isles teil - 
n Sewerage District, Auburn, Me. 

aon F. B., Supt. Water and Light, Kahoka, Mo. ; 

Carpenter, G. D., Supt. Water and Sewers, Ithaca, N. Y. 

Case, R. G., Supt. of Sewers, Merchantville, N. J. 

Castello, W. O., Asst. Engineer, Sacramento, Cal. 

Classen, A. G., Supt. of Sewers, El Paso, Tex. 

Comte, E. A., Mayor, Murphysboro, Ill. ; 

Corson, H. H., City Engineer, Birmingham, Mich. 

Crusinberry, R. R., City Engineer, Cimarron, Kan. 

Dance, Mark G., Director of Public Works, Birmingham, Mich. 

Eiler, W. L., Supt. Sewers, Cannon Falls, Minn. 

Hart, Bert, Supt. of Streets, Rock Falls, Ill. ; 

Hendryx, Orie G., Supt. Bloomington-Normal (Iil.) San. Dist. 

Kilpatrick, J. F., City Engineer, Rolla, Mo. 

McNeice, L. G., Engineer, Orillia, Ontario. 

Morrow, Ben S., City Engineer, Portland, Ore. 

Olney, F. J., Supt. Sewers, Proctor, Vt. ; 

Phelps, Byrl D., Asst. City Engineer, San Diego, Cal. 

Semmes, O. J., Jr., City Engineer, Pensacola, Fla. 

Sperry, W. A., Supt. Sanitary District, Aurora, Ill. 

Steelman, E. S., Mgr., Ocean City (N. J.) Sewer Service. 

Of all sewage works operation functions, that of sewer mainte- 
nance is usually considered the least pleasant and interesting, yet 
it is of utmost importance. There is somewhat of an inclination 
to neglect this essential “chore” in many cases even though the 
hazards of basement flooding and other effects of faulty sewer 
operation are appreciated. Good will that has been carefully 
built up by painstaking public relations activity can be easily 
destroyed in this way. 


Maintenance Program—Records and Inspection 


The most important item of equipment in any sewer depart- 
ment is a master map of the system, supplemented by larger 
scale sectional maps on which are shown important details such 
as direction of flow, exact manhole locations, sewer sizes and 
slopes, house connections, etc. Phelps (San Diego) has found 
that good maps save time and minimize damage to streets and 
private property, and recommends that all extensions to the 
system be plotted as made so that the reference maps will always 
be up-to-date. At Rockville Center, N. Y., Anderson’ keeps a 
card index for permanent notes and a log book for daily mainte- 
nance notes, both of which are indexed to the sectional maps. 
The log book is kept by the field crew and records the location 
of work, conditions found, equipment used and daily costs. 


Practice as regards frequency of routine inspection varies 
widely. Several contributors report that inspections are made 
only as difficulty arises, while others confine routine inspection 
to those sewers which have given trouble previously. A number 
of those reporting this inspection practice indicate that lack of 
personnel obviates a regular schedule. 

Most general inspection practice appears to be as follows: 
sewers on flat grades or previously troubled by roots—every 
three months; sewers in which no trouble has been recorded— 
once to twice yearly; main intercepting sewers—one to four 
times per month; flush tanks—every month; inverted siphons— 
one to four times monthly; storm water overflows—during and 
following heavy rains. Some larger cities maintain a trained 
inspection crew which is continuously engaged in following a 
prepared schedule. 

Anderson* warns that a casual glance into the manhole does not 
constitute adequate inspection. Steelmtan (Ocean City) advises 
Inspection of critical sections during peak flows, which advice is 
substantiated by experience at Urbana-Champaign, IIl., where an 
18-inch interceptor appeared to be flowing freely during numerous 
dry weather observations but was found to be carrying only 25 
per cent of capacity when surcharged at the upper end during 
a very wet season, due to an unusually bad root condition. “Lamp- 
ing” a section, by looking through the sewer during low flows 
toward a flashlight (explosion proof) held at the next man- 
hole, is a common method of inspecting lines of 12-inch diameter 
and larger. Superintendent Case (Merchantville-Pennsauken, 


*From “The Operator’s Corner,” Sew. Wks. Jour. 14, 410, 1942. 
Reprinted by permission of the Federation of Sewage Works Asso- 
ons. 





N. J.) employs an inspection crew of three men who ascertain 
the condition of the line by observation at the lower manhole 
while the line is being flushed or probed with light rods. A 
change in the color or solids content of the flow will indicate 
an accumulation. At Birmingham, Mich., the condition of lateral 
sewers is ascertained whenever an opening is made for a new 
house service connection. 

Where a program of routine cleaning “whether they need it 
or not” is possible, it is usually correlated with the inspection 
schedule. At Cimarron, Kan., City Engineer R. R. Crusinberry 
has developed a schedule of routine cleaning that enables cover- 
age of the entire system every year. At Rockville Centre, where 
there are 78 miles of sewers, Anderson’ has planned to clean 
26 miles of sewer each year, thus covering the entire system 
every three years. The work is carried out from March 15 to 
July 1 and from September to November, totalling about 150 days 
of the most suitable weather. Work in the business district is 
done between 4 a.m. and noon to avoid heavy traffic. A similar 
3-year schedule for cleaning trunk line sewers, involving work 
on about 33 miles of sewer per year, has been developed by 
Superintendent George D. Carpenter at Ithaca, N. YZ. 

Baltimore, Md., has a well organized plan for continuously 
servicing the 1,900 miles of sewers and drains in that city.” Five 
crews of three men each are assigned to definite territories and 
are equipped to clean street inlets and manholes, avr>>-rimately 
1,200 to 1,500 being cleaned weekly. Four crews of hve men 
each are equipped for servicing house connections and small 
laterals and are constantly engaged in this work. One six-man 
crew is equipped to work on large sewers and drains. The plan 
affords continuous maintenance, minimizing complaints and in- 
convenience to property owners. 

Twenty-nine well equipped field crews are able to completely 
cover the 2,800 miles of sewers in Los Angeles, Cal., twice each 
year by working according to a systematic plan.’ 

Any routine sewer cleaning program must be arranged to allow 
for interruptions for emergency calls. 


Sewer Maintenance Equipment 


The size and type of sewers to be serviced, of course, deter- 
mine largely the nature of equipment required, but certain items 
are essential to any efficient crew. Sanitary sewers will usually 
be troubled mostly by roots and grease, while combined or sterm 
sewers will nearly always accumulate grit and are most likely 
to receive miscellaneous debris. The equipment carried by the 
maintenance crew will be most adapted to the character of stop- 
pages anticipated but there must also be equipment for handling 
the unexpected. 

A typical list of essential equipment carried by a full-time, 
large city maintenance crew working on all types of sewers has 
been developed from data furnished by the contributors to this 
article : 


Major Equipment 


2% ton truck 

Power winch 

Portable, manually-operated winch 

1,000 feet flexible steel cable 

1,000 feet fire hose 

600-800 feet flexible rods (power drive desirable) 
500 feet interlocking wood sewer rods 

Root cutters of assorted sizes 

Sewer brushes of assorted sizes 

Sand buckets, scoops and drags of assorted sizes 
Turbine flushing heads 

Steel sewer tapes and heavy wire (for small sewers) 
Sewer flushing bags 


Minor Equipment 


Shovels, picks and mattocks 
Assorted wrenches 

Hydrant and manhole tools 
Flash lights (explosion proof) 
Rubber boots, coats and gloves 
Buckets and rope 


Safety Equipment* 


Hydrogen sulfide detector 

Carbon monoxide detector 

Combustible gas indicator 

Wolf safety _—- 

Hose mask (double) with safety harness 


*A combination combustible gas indicator, oxygen deficiency 
lamp, and texic gas detector is available on the market. 
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Safety belts (2 or 3) 
Complete first aid kit 
Manhole guard rails 
Traffic signs and flags 
Oil lamps and flares 


Commenting on the above list, the power winch for pulling 
stoops, brushes or buckets may be provided for in several ways. 
There are several excellent portable power units (Fig. 1) avail- 
able, specifically designed for sewer cleaning, in which the engine, 
cable reel (with control clutch) and pulley frame are mounted 
on wheels and can be moved about as a trailer. At Champaign, 
Ill., the winch is mounted on the truck and is powered by the 
truck motor. 


The sewer service crew of the Joint Meeting Sewer Com- 
mission of New Jersey is equipped with several unusual items 
which have proven highly useful.’ A short-wave radio receiving 
set keeps the crew in contact with headquarters regardless of their 
location about the large area in which they must work; a portable 
platform derrick expedites heavy loading jobs and is used to 
transport the sewer cleaning winches; a portable, 1,500-watt gen- 
erator supplies current for floodlights used in night work and 
for the portable air blower employed in ventilating sewers and 
manholes as a safety measure. Portable generators are also 
carried on some of the sewer maintenance trucks used at Los 
Angeles.” 

The sewer maintenance departments of cities of moderate and 
small size are seldom equipped as completely as listed above, 
despite the fact that the best of equipment yields greatest 
economy. Commonly, the general purpose city truck is used 
to transport loose equipment or pull a small trailer. The truck 
is sometimes used to pull scoops, drags or brushes as a substitute 
for more suitable power machines. There is also an unfortunate 
tendency for small city crews to work without adequate safety 
equipment and fatal accidents in such crews are much too com- 
mon. Phelps (San Diego) suggests that the cooperation of the 
local gas company be obtained when special testing equipment 
is required for occasional gas surveys. 


Character of Sewer Stoppages 


The most common obstructions in sewers, in the order of 
greatest incidence, are (1) roots, (2) accumulations of grease, 
(3) grit and (4) miscellaneous debris. 

Roots generally enter at faulty joints. Growth usually occurs 
from a single leader root which continues developing inside the 
sewer until branches from the leader often fill the entire pipe. 
Phelps reports one root growth 30 feet in length (Fig. 4) re- 
moved from a sewer in San Diego. An unusual root removed 
in San Diego is shown in Fig. 5. Care in making joints, use of 
proper jointing materials and careful tamping of backfill during 
sewer construction are good insurance against root troubles later. 

Copper, toxic to most plants, has been employed to control 
root growths. A copper ring, made for the purpose, is available 
for placing in the joint at the time the sewer is laid. Killing 














Fig. 1—Turbine Sewer Cleaning Machine at Bloomington, Il. 
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of root growths in/ 
sewers by copper sul- 
fate is successfully 
practiced at San| 
Diego, Cal. and} 
Greenville, Tenn., and 
elsewhere, a handful | 
of blue vitriol crystals | 
being dropped into a | 
manhole above the} 
suspected root growth, 
while flow is taking 
place. Repeated appli- 
cations may be neces- 
sary to kill the leader | 
growth, which later | 
break loose due to the 
water pressure behind ~ as : 
it. Fig. 2—Method Si , 

Superintendent Case ” Rod ZF ri done ped Sewer 
of Merchantville, N. ; 

J., reports most root troubles caused by poplar and willow trees 
and these are removed where difficulty has been caused, to pre- 
vent recurrence. 

Grease accumulations on the inside of the sewer and in the 
form of floating balls is a major problem at Atlantic City, N. j, 
and other places. Ordinarily discharged to the sewer with hot 
or warm water, the grease congeals as it cools and adheres to 
the walls of the sewer or develops into a ball with some small 
particle or object as a nucleus. These accumulations continue to 
build up until they materially reduce the capacity of the sewer, 

Grit in the form of cinders, ashes, sand, mud, etc., which enters 
combined and storm sewers with surface water run-off and 


ee 











Fig. 3—Power Driven Sewer “Drag” Mounted on Trailer 
at Ithaca, N. Y. 


sanitary sewers with basement drainage, is often troublesome, 
particularly where sewers are on flat grades. At Rock Falls, 
Ill., and elsewhere, unpaved streets are the source of excessive 
grit deposits in sewers. Sewers laid through quicksand often 
shift due to the unstable foundation, opening at the joints and 
permitting the fine sand to enter. This condition is serious at 
East Aurora, N. Y., and, to a lesser extent, at Ocean City, N. J. 
Mud and sand originating at automobile wash racks is reported 
to be a cause of grit accumulation in sewers at Kahoka, Mo. 
and Cimarron, Kan. 

The character of miscellaneous debris removed from sewers 
(combined and storm drains in particular) is almost unimagin- 
able. Barrels, posts and a bed spring are on the list at Bloom- 
ington-Normal, Ill., and a washing machine was once remov 
from a large line at Springfield, Ill. ~Removal of some of these 
articles demands much ingenuity and patience on the part of 
sewer maintenance personnel. 


Sewer Cleaning 

Flushing. —Although not always positive, flushing of sewers 1s 
a convenient method of scouring out minor grit deposits and 
grease accumulations. 

Surface water discharges during rains provide adequately for 
flushing storm and combined sewers, although supplementary 
flushing by fire hose is employed at Birmingham, Mich., Port- 
land, Ore., and Sacramento, Cal., in conjunction with other 
cleaning operations, to clean lateral lines and to reduce odors at 
manholes in extended dry weather seasons. Routine flushing 1s 
a general practice in maintaining separate sanitary sewers but 
the frequencies reported vary from monthly to annually. At 
Orillia, Ontario, where the sanitary sewers have a minimum 
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per cent, Engineer L. G. McNeice indicates that 
hing is practically the only maintenance required. In 
as at Ithaca, N. Y., and Kahoka, Mo., routine flush- 
ing is limited to critical lines on flat grades, which are flushed 
every two or three weeks. At Kahoka, some shallow lines are 
inight by means of a time-clock actuated electric 


flushed after mic an ; : 
valve on the water service, giving a discharge of twenty minutes 


duration. : ; ; 

Many old sewer systems were equipped with automatic flush 
located at the upper ends of laterals to assure scouring 
of deposits. Present practice is to design sewers with adequate 
slopes and the use of such devices is confined to lines in which 
flat grades are unavoidable. A number of contributors to this 
article indicate that old flush tanks have been abandoned ; others 
that they are still used occasionally. 

From a practical study of the hydraulics of sewer flushing, 
Watson® concludes that the depth of the flushing flow in the 
sewer is equally as important as the velocity. This accounts for 
the fact that flushing is most effective when the sewer is plugged 
at the lower manhole, the fire hose used to loosen grit deposits 
and grease accumulations and, after a head of sewage and 
water is built up, the plug is suddenly removed to release the 
flush. Kilpatrick (Rolla, Mo.) emphasizes the importance of 
blocking the sewer in connection with flushing operations. Sewer 
“bags,” having a hose connection at one end and a nozzle in the 
other, are available for plugging the sewer and adding flushing 
water at the same time. 

Satisfactory flushing by means of “water wagons” is accom- 
plished at Los Angeles’ and Lower Merion Township, Pa.” In 
the latter case, water is discharged at the upper manhole from 
a 625-gallon steel tank mounted on a truck and having a 6-in. 
drain valve. Discharge is so rapid that an 8-in. sewer is com- 
pletely filled, giving an effective flush of 500 to 800 feet of sewer. 

Hydrogen sulfide formation in sewage is accelerated by the 
presence of septic sludge deposits in sewers. Bowlus” reports 
that sulfides are definitely reduced after flushing, indicating that 
the practice is beneficial in reducing odors at manholes and 
treatment works as well as in reducing damage to sewers and 
concrete structures. 

Removal of Roots.—For cutting and removing root growths in 
sewers up to 15 in. in diameter, flexible type rods and cutters 
appear to be very popular, because of the time saved, compact- 
ness of the equipment and small labor requirement. An augur- 
like cutter is used, which is rotated by twisting the rods as they 
are forced down the sewer. The equipment can be operated 
easily with two men if the power drive is used, or four men 
if the rods must be twisted manually. Another advantage of 
this equipment is that it can be fed into the sewer from ground 
level and does not require entry into manholes. Accumulations 
of roots removed at Cimarron, Kan., are shown in Fig. 6. 

For removing roots from larger sewers, or particularly obsti- 
nate ones from small sewers, cutting drags are pulled through 
by cables and winches, either power or manually operated (Fig. 
7). This procedure is positively effective, and in many cities is 
the only method used. 

At Ocean City and Merchantville, N. J., every effort is made 
to prevent recurrence of root growths which are removed from 
sewers. Steelman at Ocean City reports that defective joints 
admitting roots are immediately located and repaired and some 
very troublesome lines have been relaid in iron pipe. Poplar and 
willow trees causing trouble at Merchantville are removed. Per- 
manent control of roots in house service lines is the aim at 
Birmingham, Mich., where the city provides 6-in. cast iron pipe 
with leaded joints to the property line and requires not less than 
vitrified pipe with asphalt mastic joints inside the property. In 
case of root stoppage in old cement jointed vitrified pipe services 
(in the street), the city relays the service to the property line 
in cast iron pipe for a permit fee of $15.00. 

Removal of Sand and Grit Deposits—When flushing does not 
produce adequate results, sand buckets or scoops pulled through 
by the cable and winch outfit are universally depended upon for 
removing deposits of grit. This equipment (Fig. 1) is positive 
in effectiveness, regardless of the size of the accumulation. 

Where the deposit is not too large, the “Turbine” cleaner 
which has a water powered, rotating cutter is effective. This 
device, dragged through the sewer by cable and winch, combines 
water jet flushing, cutting and dragging into one effective 
operation. ° 

Rawn" describes an ingenious sewer “hoe” used by the Los 
Angeles County Sanitation Districts for removing erit accumula- 
tions from sewers over 30 in. in diameter with a minimum of 
labor. The device is propelled through the sewer by the pressure 
of sewage behind it and the invert and sides of the pipe are 
scoured as it moves. For sewers of 15 to 30 in. in diameter, a 
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beach ball inflated to approximately the size of the sewer is used 
effectively in the same fashion as the “hoe.” 

Removal of Grease Accumulations.—Unless of industrial origin, 
sewer stoppages by grease are confined almost entirely to house 
services ; however the capacity of larger sewers is often reduced 
due to the development of a grease lining in the pipe. 

Flat sewer tapes with various kinds of cleaning tools are used 
for removing grease obstructions from house connections at 
Ocean City, N. J. Large sewers give no trouble here. At 
Atlantic City, N. J.,° the most useful device for opening house 
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Fig. 5—Not a Sea Monster—A Root Removed in San 
Diego by Power Driven Flexible-rod and Cutter. 














Fig. 6—Root Removed by Flexible Sewer Rod Equipment 
at Cimarron, Kas.—City Engr. Cruisinberry at Right. 
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connections has been found to be a 50-ft. length of quarter-inch 
steel wire. The end started into the sewer has a 6-in. bend 
which is rotated by cranking the other end as the wire is fed, 
tlius gouging out the stoppage. 

Grease accumulations in larger sewers are loosened to some 
extent by flushing, root-cutting and other maintenance opera- 
tions. Sewer brushes, dragged through by the ever useful winch 
and cable equipment, are most positive, however, and many well- 
trained crews always use a brush drag to finish up a line that 
has been dragged with other tools. 

Other Cleaning Devices—It will be noted that certain types 
of equipment are best suited to specific cleaning problems, yet 
it may often be necessary to use practically all of the equipment 
carried for cleaning a single line. For instance, the flexible rod 
and root cutter and/or detachable wooden rods may be used to 
partially open a stoppage to permit a cable to be threaded 
through for use in dragging, and several types of drags may be 
employed. Unusual situations will often demand considerable 
thought and ingenuity on the part of the maintenance crew even 
though they are well equipped for ordinary problems. 

The sewer “hoe” and beach ball cleaners described above are 
examples of such ingenuity. The Los Angeles County Sanitation 
Districts, where these labor-saving implements were devised, 
makes root cutting drags for 12 to 36-in. sewers from steel 
pipe’; sewer brushes at Ithaca, N. Y., are made from old street- 
sweeper brooms; a knot of old chain has been found to con- 
stitute a serviceable root cutter and drag at Portland, Ore.; a 
15-in. root cutter was made to service an 18-in. sewer at Urbana- 
Champaign, Ill., by wrapping the periphery with barbed wire, 
further illustrating actual practice in meeting local problems. 


Ground Water Infiltration 


Although most ground water infiltration results from faulty 
sewer construction (poor joints or failure to use proper pipe 
through critical water-bearing soil formations), good maintenance 
and operation practices can reduce this problem. In referring 
to infiltration, nearly all of the contributors to this article men- 
tioned the relatively new asphalt mastic jointing compounds as 
a curative measure, either in explaining why there was no serious 
infiltration problem or describing how it is being minimized in 
new extensions or old sewer repairs. 

Where there is ample sewer capacity, gravity flow and no 
sewage treatment works, there is an inclination to disregard 
infiltration to some extent. Usually the allowance for infiltration 
in the design of separate sanitary sewers is only nominal but 
such leakage often proves to be of serious consequence, as at 
Ithaca, N. Y., where it amounts to 100 to 400 per cent of the 
dry weather sewage flow due to broken pipe and poor joints. 
Superintendent Carpenter indicates that correction can be accom- 
plished only by replacement of the defective lines by cast iron 
or other suitable pipe. 

Where sewage must be pumped, it has been found economical 
to locate and actually replace those lines admitting large amounts 
of ground water. This has been done at McHenry and Fox 
River Grove, IIl., Rolla, Mo., and elsewhere. 

Steelman (Ocean City, N. J.) and Bridges (Kahoka, Mo.) 
point out the necessity of careful control and inspection of house 
connections to minimize infiltration. The sharp increase in flow 
in sanitary sewers during rains is usually caused by illicit down- 
spout connections which are most difficult to control since many 
of them are changed after the installation inspection is made. 
Constant vigilance, public education and rigid enforcement of 
ordinance provisions are the only possible means of minimizing 
this source of extraneous water. Kahoka, Mo., and Birmingham, 
Mich., sewer users are required to comply with strict specifica- 
tions for workmanship and materials in constructing house 
sewers. 


Maintenance of Appurtenant Sewerage Struciures 


Aside from ordinary inspection and replacement of broken 
manhole covers, it is important that manholes in unimproved or 
semi-permanent streets be maintained at the proper elevation. 
Considerable damage to such streets is done when an attempt 
is made to find a manhole which has been covered. Rattling 
manhole lids often create a nuisance and correction has been 
accomplished by: application of tar or asphalt around the entire 
rim or at three or four points”; gaskets of rubber, jute or 
canvas; machining of the lid and casting; use of mechanical 
locking lids or low center of gravity types. Anderson,’ after 
trying several methods, now uses a tape packing made for the 
purpose which is placed around the entire periphery after 
thorough cleaning of the casting. 

Other appurtenances common to separate sanitary sewers are 
inverted siphons, creek crossings and flush tanks. Inverted 
siphons must be inspected frequently as they are readily clogged 
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by accumulations at the inlet or grit deposits in the s; 

Two siphons on intercepting sewers at Champaign. Urbs ae 
are inspected at least weekly and cleared of inlet accumylat; “ 
Three siphons at Ithaca, N. Y., are flushed out ey — , 
months. Creek crossing structures are generally checked {oll “4 
ing wet seasons to ascertain erosion damage, replace protecting 
rip-rap or make repairs. Flush tanks maintained in regular 
service are inspected monthly and afforded cleaning and ad 
— leani f h basi : 

requent cleaning of catch basins on storm or combi 

systems is justified by the protection they ponde aie ms 
deposits in the sewers. Practice appears to be to clean these 
at least annually where paved streets are drained and poe 
often when streets do not have a permanent surface. Str “ 
inlets are inspected and cleared after every rain at Rock Falls 
Ill., to assure good street drainage. Storm water overflows are 
inspected and given necessary attention at least once monthi 
at Birmingham, Mich., and Bloomington, IIl., with more foemans 
attention being accorded in wet seasons. Sewage flow regulator. 
and adjustable overflows in combined systems are best attended 
during high flows so that they may be adjusted to actual operat- 
ing conditions. 


Regulation of Use of Sewers 


Probably no other public utility is misused to so great a degree 
as is the sewer system, yet there is always readiness on the part 
of the public to criticize faulty operation. This condition is no 
doubt largely due to the lack of public education and to the 
failure of city officials to adopt and enforce proper ordinances 
controlling the usage of sewers. Such an ordinance does no 
good if merely filed among the dusty archives of the municipal- 
ity—it must set forth proper practices, contain adequate penalties 
and be enforced without hesitancy when courteous requests for 
cooperation are ignored. 

Anderson" points out that the best way to obtain public cooper- 
ation is to definitely allocate responsibility for house sewer con- 
nections to the property owner, requiring hint to pay for any 
maintenance work necessary on these lines. Many eastern cities 
have established a policy of accepting responsibility for all sewers 
outside the curb, which practice appears to have several ad- 
vantages. The Atlantic City Sewerage Co.’ requires a trap on 
each house service at the curb and responsibility in each case is 
determined by examination of the trap. The company services 
all sewers outside the curb and local plumbers perform at the 
property owner’s expense any work needed from the curb to 
the house. 

Among the more important items warranting inclusion in the 
sewer ordinance are: 

1. Control over location of certain trees (poplar and willow) 
which might cause root stoppages, including authority to remove 
such trees found to cause trouble. 

2. Prohibition of downspout and similar surface water con- 
nections from separate sanitary sewers. 

3. Provision for detailed inspection by competent personnel 
of all house service installations. Also rigid specifications cover- 
ing workmanship and material in house services. 

4. Requirement of suitable preliminary treatment facilities in 
commercial and industrial concerns to prevent damage to sewers. 
Wastes commonly controlled for this purpose are: (a) Greasy 
wastes from restaurants, packing plants, etc.; (b) oil and dirt 
from automobile filling stations and wash racks; (c) Inflam- 
mable and explosive wastes from cleaning establishments; (d) 
wastes containing excessive solids, such as spent grain from 
breweries, paunch manure from packing plants, ashes, garbage, 
etc.; (e) corrosive wastes, as those from metal galvanizing and 
pickling plants. 

5. Requirement of suitable preliminary treatment facilities in 
industries to prevent interference with sewage treatment plant 
operation. 

6. Provision for stern penalties for malicious damage by 
vandals. 

A combination grit and oil trap recommended by the South 
Dakota Board of Health® for use on sewers from garages, filling 
stations and automobile wash racks is shown in Fig. 7. The oil 
problem is successfully met at Baltimore’ by requiring by ordi- 
nance that such waste be stored on the premises until collected 
periodically for disposal under direct control of municipal 
authorities. The provision of a convenient means of disposal 
the oil eliminates need for policing garages and similar estab 
lishments. 

After a bad fire caused by waste oil and gasoline dumped to 
sewers at Aurora, Ill, Superintendent W. A. Sperry acted to 
prevent a recurrence by means of newspaper publicity and direct 
contact with industrial sources of volatile wastes. The latter 
was accomplished by a plant-to-plant canvass of 245 industrial 
and commercial establishments, during which a verbal notice 
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responsible representative of each concern, a poster 
the sewer ordinance was left and a signed acknowl- 
f each visit was obtained. The survey cost $100 and 
appears to be good insurance against future damage, although 
it must probably be repeated after several years. 


Sewer Ventilation 

Ventilation in sewers is necessary to dilute and purge the 
system of gases which are inflammable, explosive, asphyxiant 
and toxic. In warm climates where hydrogen sulfide is often a 
problem, ventilation 1s also beneficial in controlling disintegration 
of concrete sewers and structures because (a) the concentration 
of HsS in the atmosphere and (b) collection of moisture on 
exposed surfaces, are reduced. ; 

The degree of effective ventilation in a sewer is usually de- 
pendent upon the amount of vent openings and the movement of 
air across the openings. Thus, it appears that natural ventila- 
tion is at a minimum on still days. 2 

Forced ventilation has been found justified in large outfall 
sewers at Los Angeles’ and several ventilation stations are in 
development. Ordinary ventilation practice is probably repre- 
sented by the procedure at Lower Merion Twp., Pa.” “Ventilat- 
ing covers” having eight 1-in. openings are placed at the upper 
ends of all lines and approximately at each third manhole, with 
consideration being given to surface water drainage and prox- 
imity to points at which odor might be troublesome, when 
selecting locations. Buckets are hung beneath ventilating covers 
for the purpose of catching debris which might pass through the 

s. 
“Te quand against fires and explosions and to eliminate condi- 
tions dangerous to sewer maintenance personnel, the city of 
Los Angeles’ has a gas survey crew which systematically checks 
the entire system, making observations at about 60,000 manholes 
per year. Results of various gas detector tests are recorded and 
used as basis for correction of dangerous conditions. When the 
presence of illuminating gas is suspected, the utility company is 
immediately notified so that any gas main leak may be repaired. 


Design and Construction Items Facilitating Maintenance 


Good design and careful construction of a sewer system will 
reduce maintenance to a minimum and expedite such work as 
is necessary. There has been sufficient experience at this time 
to substantiate present methods of ascertaining sewer sizes and 
grades, yet there is often a tendency to violate the limitations of 
good practice, particularly with respect to grades. Every effort 
to avoid capital and operating costs of pumping stations is cer- 
tainly justified, but consideration must also be given the less 
satisfactory service and everlasting maintenance expense which 
accompany the installation of sewers on flat grades. Where 
moderate reductions in slope are logical, provision of adequate, 
suitable flushing facilities constitutes good practice. 

The prevalence of difficulties from roots and ground water 
infiltration is ample proof that too much care cannot be taken 
in specifying and installing permanently tight joints. This fact, 
of course, is generally appreciated and modern jointing methods 
and materials are already demonstrating their superiority. Care- 
ful specification and performance of back-filling is also impor- 
tant in preventing crushing of pipe and movement which results 
in opening of joints. The use of especially suited pipe and con- 
struction methods in sections where foundation conditions are 
bad or where excessive ground water is present, has been proven 
to be good economy, even though more expensive in first cost. 

Other design and construction details suggested by maintenance 
personnel as being of importance to their functions are the 
following : 

1. Design of junction chambers so that back-water areas of 
low velocity, causing deposition of grit, are avoided. 

2. Design of storm water overflows so that they are not 
accessible by vandals. 

3. Catch basins of ample size at storm water inlets draining 
unpaved streets. 

4. Complete consideration of local conditions when selecting 
the type of pipe used for sanitary and industrial sewers. 

Spacing of manholes not more than 350 feet apart. 

6. Lateral sanitary sewers of not less than 8 inches diameter. 

7. Smooth flow without splashing or turbulence at manholes 
or appurtenant structures. (Important where hydrogen sulfide 
might be a problem.) 

. Diversion and regulator devices of simple design and ca- 
pable of convenient adjustment. 
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SEWER FLUSHING 
Good and Indifferent Practices 


By JOHN D. WATSON 
Consulting Engineer, Ruislip, England 





This article reveals much pertinent to “Sewer Flush- 
ing” practices and presents what may be considered sat- 
isfactory flushing and what will prove a waste of effort 
and funds. The all important depth of flow in flushing, 
as compared to velocity fow without the needed depth, 
is pointedly emphasized. If we interpret correctly, many 
readers will find it necessary to consider some of our 
existing pseudo-flushing practices as little more than 
sewer “rinsing,” after reading the depth—velocity discus- 
sion by Mr. Watson—an authority with a wealth of 
experience and years of observation to draw upon. 











The basic condition upon which calculations for sewer flow 
should be made is that the sewer have a self-cleaning velocity. 
In other words, it should never tend to silt up even though the 
dry weather flow condition persists for long periods while at 
the same time it must be capable of taking storm water, unless 
it is wholly diverted from it. Provided they are properly con- 
structed it is not usually difficult to give sewers a sufficient fall 
for this condition to be fulfilled. Main sewers will work with 
little or no trouble when laid on a grade of 1:1000 or less and, 
when the London Main Drainage was designed some 70 years 
ago, experiments showed that a velocity of 1% miles per hour 
was sufficient, and very little cleaning is necessary in these sewers 
today. They vary from the familiar oval section of 4-ft. x 2-ft. 
and 8-in. to circular sewers of 12-ft. diameter. They are 
mainly built of brick. 

Trouble is rather more likely to occur in the smaller branch 
sewers which have to be put in of a size to allow of increasing 
population so that for perhaps 10 or 20 years, normal flows 
are insufficient to maintain a self-cleansing velocity; and, while 
it is usually possible to divert surface water into them, it 
usually has to be kept out in order to save pumping and puri- 
fication costs. The system adopted at one time at Hamburg, 
of constantly flushing the main sewers from a small river, 
enabled them to be laid at 1:3000, and to be run practically half 
full continuously, but that principle has rarely been adopted. 
The usual practice, when artificial flushing is resorted to, being 
either to provide gates to dam back the flow and then to re- 
lease the pent up sewage for the purpose; or the use of tanks 
operated by an automatic syphon, the latter arrangement being 
as a rule the better one. 


The Great Importance of Depth in Flushing 


When arranging for it the important points to bear in mind 
are, that the flush is not going to be effective over any great 
distance, and that it is the depth of flow over the invert of a 
sewer which is the most effective in moving the material which 
is the main cause of obstruction. That of course, is the con- 
dition intended to be provided by the oval sewer, silt being 
usually the main cause of the trouble in the present connection. 
In the form of road detritus, though it may reach the sewers 
mainly in times of storm when there should be sufficient velocity 
in the average condi- 


to carry it to the outfall, road detritus 

tion has been found by experiment to require a velocity of 
nearly 1-ft./sec. to keep it on the move and if small pieces of 
broken stone and similar material get into the sewer (which 
by some unaccountable means they do) such, according to size, 
will require a velocity of 2'%4 to 3%-ft./sec. to move them. 
Incidentally, it is such obstructions in the first instance, as a 
rule, which cause a general obstruction to build up. 

Such material always moves along with a speed of travel 
less than that of the stream (usually not more than half) 
and though 2%-ft./sec. flow velocity may move a piece of 
stone it will only barely do so in 1-in. depth of water. But, 


if the depth be increased to 6-in. it will roll along quite easily 
at 2-ft./sec., confirming the contention already made that it 
is the depth of liquid in the sewer that is the really important 
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FEET FROM FLUSH CHAMBER 


Curves Revealing Relationships Between Depth of Sewer Flush 
(Rate of Flush Discharge) and Effects Down-Sewer 


factor in keeping it clean. Therefore, the conclusion to be 
reached, is that, in circular sewers at all events and more par- 
ticularly in the average branch up to 30-in. dia., the basic 
cause of silting is insufficient depth of flow rather than velocity; 
and, especially is this evident in lateral sewers which only re 
ceive intermittent discharges from the dwellings connected to 
them. Thus, deposits commence which ought to be periodically 
flushed away because if they are not removed, although they 
might not immediately render the sewer inactive, they cause 
a filmy growth (slime) to appear on the pipe wall. This 
growth in turn further reduces the velocity, and so matters 
go from bad to worse with the additional evil of the sewage 
becoming septic and producing large volumes of sewer gas, 
with its well known attendant evils. 

This can be demonstrated in a simple manner by purposely 
putting some coarse sand or fine gravel in a sewer. Then tt 
will be found that while motion is set up by dragging action, 
the particles are more or less lifted up into the stream and 
further motion is carried on by the added effect of suspension. 
The greater volume of material js naturally carried in the lower 
layers of the stream, the total quantity being proportional to 
the depth. Motion, too, will be seen to be from the sides of 
the sewer towards the centre, the major portion of the sus- 
pended matter being carried along the centre of the stream. The 
amount and the size of the material being carried in suspension 
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depends upon the velocity of the stream and its depth of flow. 

7 to a much greater extent depth is controlling, because in 
ssoveciable depth of liquid the particles are thrown to a greater 
height ; and, as the velocity of descent of the particles is the 
coy s, the deep stream carries the particle further 


e in both case tl 
pone oh to the greater opportunity of remaining suspended. 


Effects of Flushing 


The conclusions to be reached, therefore, are that as a gen- 
eral rule it is advisakle to provide means for flushing pipe 


sewers when they are laid at flatter gradients than those listed 


below : 
12-in.. sesek Sue 7 ee 1 :600 
Ni dog ain tac OS 1 :400 MD cake cea euaige 1 :700 
Sree 1 :500 Sa 1 :800 
BOR iévxnnas 1 :900 


Between 2,000 and 3,000 gallons at a flush, according to the 
size of the sewer and provided it is released once or twice 
every 24 hours, usually suffice. In any event it should be an 
amount that, when it does come into the sewer, practically fills 
it at that point. This, because the depth of the flushing wave 
near its point of origin decreases as it moves downstream to 
a point at which the depth and velocity are but little affected 
by the discharge. As an example, one can consider a 12-in. 
sewer flush by a 1,500-gallon tank through a 10-in. syphon 
in 1% minutes. 

On the accompanying chart the upper set of curves relate 
to such a sewer laid at 1:630. One eurve reveals transmission 
velocity, the other steady-flow velocity. As regards the former, 
the rate of transmission, at the commencement of the flush 
and at different distance from the flushing chamber, is that 
which would give the maximum scouring velocity, assuming 
the flush to be discharged into an empty sewer. This velocity 
lasts but a few seconds and its effect reaches but a short dis- 


tance. In the matter of the steady-flow velocity, during the 
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period when the maximum volume of flushing water is passing 
at different distances from the flushing chamber, it will be 
observed that this velocity lasted for a minimum period of 1 
min., the period increasing with the distance from the flushing 
chamber. There is also a third curve which reveals the maxi- 
mum volume of flushing water in gallons per minute at different 
distances from the flush chamber. From this curve, the effect 
of varying the amount of flush water discharged per minute 
can be determined. The lower set of two curves, in comparison, 
relates to a 9-in. sewer having a flush of 750 gallons for one 
minute. 


Facts and Conclusions 


The principal facts which become apparent from an ex- 
amination of these curves are that: 

(1)—The velocity dies off rapidly at first until it attains 
a certain value after which the diminution is small. As a result 
the flush is transmitted over an appreciable distance, probai.jiy 


about one mile. 


(2)—With flat gradients, the velocity when the maximum 
volume of flush water is passing is less than the rate of trans- 
mission at the commencement of the flush, the difference gradu- 
ally decreasing as the gradient decreases until the velocities 
are identical—such being indicated by the lower graph. 


One can conclude, therefore, that the slope of the advancing 
flush will gradually flatten as the distance from the flushing 
chamber increases except where the gradient is sufficient to 
secure a high velocity. It is noticeable, also, how the steady 
flow velocity is over 3-ft./sec. at a distance of more than 
3,400 it. f:om the flush chamber. If, therefore, the sewer 
gradient is reasonably good, though appreciably less than that 
above set out, a good flush (rapidly discharged) will keep a 
sewer clean for at least half a mile even though its capacity 
be considerably in excess of normal dry weather flow require- 
ments. And that, as already indicated, is the main purpose of 
artificial flushing. 








Maximum Flow Gage 
for Sewers* 


The accompanying sketch pictures the type of maximum flow 
zage, which has been installed in five manholes in the village of 
Shorewood in Milwaukee County, Wisconsin. 

Metcalf and Eddy, in “American Sewerage Practice” (Vol. 
1), under Maximum Flow Gages, describe a device that is sub- 
tantially a stick with small vials attached along its length and 
inserted into a perforated pipe. The level of the mouth of the 
highest vial found full indicates the height to which the sewage 
las risen in the manhole. This design, however, has its disad- 
vantages. First, the vials are breakable and entail considerable 
trouble in replacing. Second, it can not be used where the velocity 
‘xceeds eight feet per second. 

The improvements in the Shorewood installation are: 

First: It is cheap—the entire gage, made by a tinner and ready 
to install, costs very little. 

Second: It is not breakable and may be used in sewers regard- 
less of velocity. Being made of brass or copper it is immune to 
corrosion. 

A brief description may be helpful—This gage is made of one 
inch (square) brass tubing, with one face (C on sketch) cut 
through at predetermined spacings. In the Shorewood design it 
is three inches. Then the corners are ground off on a power 
grinder to make edges A and B. The resulting flap is bent back 
and soldered in place to form the bottom of the pocket above. 
The block of wood is to raise the gage to the elevation of the 
invert of the sewer. The spacing of the pockets and the width of 
the mouths may be varied to suit circumstances. A perforated 
2 in. W.I. pipe protects the gage. 

In practice the gage has proven reliable and has served satis- 
factorily through several storms when the sewers were sur- 
charged. 

_Credit for this design belongs to George Dewey Simms, As- 
sistant Village Engineer, Shorewood, Wis. 


*Contributed by Julius Lucoff. Milwaukee, Wis. 
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Details of Flow Gage 
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JOSAM MANUFACTURING COMPANY 


Executive and Sales Offices 


THERE 


WwW. & S. W. 


320 Empire Bldg., Cleveland 14, Ohio 


Manufacturing Division | 


Michigan City, Indiana | 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 


JOSAM-PACIFIC CO. 


West Coast Distributors 
765 Folsom St. San Francisco, Cal. 


PROTECTION 


SEWER VALVE Series 1170 


Flap is normally open 34” to allow 


latic yn. 
is offset 5%” 


Inside of valve 


closes tightly with slightest backflow, 


of any backwater sewage thru 


Supersensitive side 
full water way up to size of pipe 
designed. 





GREASE INTERCEPTOR 


[The Josam Cascade Grease Inter 
ceptor provides maximum grease in 
terception and _ retention for all 
installations. Grease is re- 
moved before it clogs drain lines, 
regardless of the temperature of 
the water. Made in types and sizes 
tor any requirement 


ty pes ol 


WRITE FOR 
Floor, 


Double Drainage 


Drains 


Original 


~ 


continuous circu- 


Can be adjusted to closed seat type if desired. 
to prevent fouling. 


for 


TS LT 
INFORMATION AND FREE LITERATURE ON THESE JOSAM PRODUCTS 


preventing entry 
the 
swing flap opens wide to permit 


Flap 


drain lines. 


which it was tide 


FLAP VALVE Series 


When placed at the discharge end of sewer pipes, the 
Josam Flap Valve is an absolute safeguard against the 
backflow of sewage. 
at the manhole. 

water outlet 


It will also serve as 


EMPIRE BRASS CO., LTD. 


Canadian Distributors 
London, Ontario, Canada 


for PIPE LINES 


110014 


In sewer lines it can be placed 
a sluice, river or 


and can be used between settling 


basins in sewage disposal plants. 





SHOCK ABSORBERS for 
Water Supply Pipe Lines 
To eliminate disturbing noises and 


overcome destructive pounding of 
water hammer in pipe lines. Espe- 


cially desirable where quiet is es- 
sential. Prevents breakdown of 
pumps, valves, connections, machin- 


ery and equipment. 
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OF AMERICA 
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TABLISHED * 








INTERCEPTOR 


The Josam Gas-Oil Interceptor 
eliminates dangerous volatile 
liquids from waste water or drain- 
age systems, and safely ejects them. 
Prevents fire, explosion and water 
pollution. Provides maximum inter- 
ception efficiency. Made in a wide 


GAS-OIL 


range of types and sizes. 


Roof and Shower Drains ® Genuine Non-Clog Triple Drainage Floor 


* Backwater Sewer Valves ® Interceptors ® Shock Absorbers for Pipe Lines 


® Moderator Mixing Valves for Showers © Swimming Pool Equipment. 
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OIL WASTE EXCLUSION FROM SEWERS 


Baltimore Experiences with a Workable Ordinance 


By C. E. KEEFER 
Prin. Asst. Engr., Bureau of Sewers, Baltimore, Md. 


N 1927 a fire near the outlet of the largest storm drain in 

Baltimore resulted from the escape of gasoline and oil into 
the drain. Causing no serious damage, it did, however, result 
in passage of a city ordinance requiring daily storage of waste 
oil, crankcase drainings and greases in approved steel drums by 
all users of such materials. 


The Baltimore Ordinance No. 1083 


An ordinance to regulate the handling, storage, transportation 

“and disposition of waste oils and greases resulting from the 
use, operation, cleaning, repairing or servicing of vehicles, ma- 
chinery or appliances of any kind upon all premises in Balti- 
more City; providing for enforcement, and also providing a 
penalty for violation of the provisions of this ordinance. 


Section 1. Be it ordained by the Mayor and City Council of 
Baltimore, That from and after the date hereinafter provided, the 
following rules and regulations shall apply to the handling, stor- 
age, transportation and disposition in the City of Baltimore of 
waste oils and greases resulting from the use, operation, cleaning, 
repairing or servicing of vehicles, machinery or appliances of any 
kind: 

(a) All waste oils, including crank case drainings, shall be 
immediately taken up and deposited and kept while on the prem- 
ises in steel drums, the character, size construction, number and 
location of which shall be from time to time prescribed by the 


Board of Fire Commissioners of Baltimore City, or in containers : 


of other construction approved by the Chief Engineer of Baltimore 
and by the said Board. 

(b) All waste greases shall be collected at least once daily 
and deposited and kept as in the manner provided for waste oils 
in the preceding paragraph, and in no case shall any waste 
greases be permitted to remain in or about any premises over 
night, except when so deposited. 

(c) All such drums, containers and their appurtenances shall 
be kept and maintained at all times in first class condition and 
tightly closed so as to prevent the escape of any of the contents 
thereof, and shall be used for no purpose other than the storage 
and transportation of waste oils and greases. 

(d) The Mayor and City Council, acting through the Chief 
Engineer of Baltimore, shall determine from time to time the 
agencies by or through which all such drums, containers and/or 
the contents thereof shall be removed, stored, transported and 
disposed of, and the times when, the places where and the man- 
ner in which the same shall be done, and such determination 
shall be subject to the approval of the Board of Fire Commis- 
sioners of Baltimore City; and no such drums, containers and/or 
contents shall be removed, stored, transported or disposed of in 
any other manner or through any other agency. 


Section 2. And be it further ordained, That this ordinance 
shall not be construed to prohibit the sale and/or reclamation of 
waste oils and greases, provided, on such sale and/or reclamation, 
said waste materials are otherwise handled, stored, transported 
and disposed of in accordance with the terms and provisions of 
Se ~ ree and any rules and regulations made in pursuance 
thereof. 


Section 3. And be it further ordained, That terms used in this 
ordinance are hereby defined as follows: 

The term ‘‘waste oils and greases” shall include all oils and 
greases which, by reason of previous use in and about vehicles, 
machinery or appliances of any kind, are in such condition as to 
be unfit for further use for such purposes without reclamation. 

The term ‘‘premises” shall include all real and leasehold prop- 
erty where such vehicles, machinery, or appliances of any kind 
are used, operated, cleaned, repaired or serviced. 

The term “person’’ shall include persons, firms and corporations. 


_ Section 4. And be it further ordained, That any person violat- 
ing any of the provisions of this ordinance shall be subject to a 
fine of Fifty Dollars ($50.00) for each and every offense. 


Section 5. And be it further ordained, That the Board of Fire 
Commissioners of Baltimore City are hereby charged with the 
duty of enforcing the terms of this ordinance. 


Section 6. And be it further ordained, That all ordinances, or 
parts of ordinances, inconsistent with the provisions of this ordi- 
nance be, and the same are hereby repealed to the extent of such 
inconsistency. 

Section 7, And be it further ordained, That in the event that 
any word, phrase, clause, sentence or section of this ordinance 
shall be declared invalid by any court, the remainder of the ordi- 
nance shall not be affected thereby, but shall remain in full 
force and effect. 


Section 8. And be it further ordained, That this ordinance shall 
ae three (3) months after the date of its passage and 
yal. 


Approved May llth, 1927. 


Attest: A True Copy: 
JOHN A. SLOWIK, City Librarian. 


HOWARD W. JACKSON, Mayor. 


Collection Contracts 


In order to provide for the collection of these materials the 
city entered into a two-year contract with a collection company. 
Since the first contract expired, Sept. 30, 1929, the work has 
been done by three companies at different times. The cost to 
the city is shown in the accompanying table. 


During this sixteen-year period 4,287,714 gallons of oil and 
greases have been collected. This is equivalent to 263,860 gallons 
yearly at an average cost of 7.5 mills per gallon. 


Cost of Collecting Grease and Oil in Baltimore 
from 1927 to 1943 


Grease and 


Amount paid oil collected, 


Year Contractor contractor gal. 
1927 $ 810 71,701 
1928 3,240.00 265,000 
1929} Provident Oil Service Co....... 3,037.50 318,000 
1930 2,430.00 286,850 
1931 2,430.00 280,100 
1932 2,422.50 229,299 
1933 2,400.00 139,804 
1934 2,400.00 143,280 
1935 } Thomas Leonard ..........ece0% 2,300.00 155,690 
1936 2,000.00 169,515 
1937 2,000.00 156,150 
1938 1,625.00 120,940 
1939 500.00 327,440 
1940 500.00 437,420 
1941 Caer Ween Ge Giissciccscssccs 768.75 473,420 
1942 1,575.00 416,099 
1943 1,575.00 297,006 
Total eek Cena Redness $32,013.75 4,287,714 


The contractor is required to furnish steel drums for the 
storage and transportation of oil and greases where the amount 
collected is more than 20 gallons weekly. For lesser quantities, 
the containers are furnished by those who must dispose of the 
oil or grease. Containers must be collected within 24 hours after 
they are full. 


The present contractor has three 1,000-gal. tank trucks for 
the transportation of the materials. Each truck is equipped with 
a suction and a discharge pump for handling the oils. 


Oil Purification Plant 


Oil is discharged from the tank truck into an underground 
storage tank, from which it is pumped into a 2,000-gal. dehydrat- 
ing tank containing steam coils. Moisture evaporation is accom- 
plished by passing steam at 90 Ib. pressure through the coils 
for a period of five to eight hours. 


Dehydration is followed by sulfuric acid treatment in a 1,500- 
gal. storage tank. Sludge precipitated from the oil is disposed 
of in a lagoon. Clay is added to the partially purified oil which 
is then cooked with steam at about 600 deg. F. for eight to ten 
hours. During the cooking the higher volatile hydrocarbons 
such as kerosene, naphthalene, and the alcohols are distilled off 
for use as fuel in the steam generating plant. 


The oil residue is cooled to approximately 200 deg. F. and 
filtered in a Shriver plate press, producing a filtrate equal in 
quality to new oil and ready for sale. About 12 hours are 
required to complete the process. 


The collection and purifying of oil is not unique with Balti- 
more as similar plants are in operation in New York City, 
Philadelphia and elsewhere. The unique feature about the prac- 
tice is that Baltimore has adopted an ordinance requiring daily 
collection and disposal of greases and oils and has made the 
necessary provision for having the work done. Since this ordi- 
nance has been in effect the sewers in the city have been remark- 
ably free from inflammable materials. 
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e As specialists in the design and manufacture of equipment for Water, Sewage and Industrial 
Waste Treatment Plants, Link-Belt engineers have learned how to apply an extensive knowledge 
and experience effectively, to the solution of such problems. 


For many years, Link-Belt engineers have cooperated with consulting, municipal and sanitary 
' 





STRAIGHTLINE COLLECTORS 


Link-Belt STRAIGHTLINE Sludge Collectors for the removal of shudge 
from rectangular settling tanks consist of two strands of especially 
processed malleable chain from which are suspended at uniform inter- 
vals scraper flights usually made from red wood. Features are peak-cap 
bearings, pivoted flights, cross collectors for larger tanks, and positive 
sludge removal at a slow, uniform speed. Automatic or semi-automatic 
skimming equipment is furnished when required. 


Many installations are now in service in all parts of the country and 
range in size from the smaller type plants as at Tappahannock, Va., 
with a capacity of 80,000 G.P.D., to larger installations, such as Ward’s 
Island, N. Y., with a capacity of 180,000,000 G.P.D., and Southwest 
Plant, Sanitary District of Chicago with a maximum capacity of 
600,000,000 G.P.D. 


Many features of the Link-Belt STRAIGHTLINE Collector are patented. 
Send for Book No. 1742. 


Circutine COLLECTORS 


Link-Belt CIRCULINE Collectors for the removal of sludge from round 
tanks consist of a flight conveyor suspended from a bridge, one end of 
which is pivoted at the center and the other end is mounted on standard 
rubber-tired wheels which travel around at circumference of the tank. 
Features are: positive, slow, uniform speed; positive sludge removal 
and excellent distribution of flow throughout the tank; improved auto- 
matic scum collecting screw conveyor and scum receiving hopper as 
standard equipment. Made in two standard sizes— Type “B” for 
Tanks up to 55’ dia.; Type “A” for larger sizes up to 200’ dia. Send 
for Book No. 1982. 





STRAIGHTLINE MIXERS 


Link-Belt STRAIGHTLINE Mixers of the vertical or horizontal type 
have proved their value in reducing chemical costs and promoting 
efficient flocculation in water and sewage treatment plants. They con- 
sist of a shaft to which is fastened arms which carry either wood or 
steel paddles that can be pivoted so that the flights can be adjusted to 
obtain the exact degree of uniform agitation. The maximum circumfer- 
ential speed of the mixers for flocculation tanks is 1.8 f.p.s., and the 
minimum speed is about half of that. A gradual decrease in speed of 
the units is desirable for efficient flocculation. 


Send for Book No. 2042. 


BIO-FILTRATION System for Treating Sewage 


Bio-Filtration Sewage Treatment System with Link-Belt STRAIGHT- 
LINE and CIRCULINE Collectors brings new advantages. The system con- 
sists of high rate shallow filter beds and recirculation of the effluent 
from the filter beds to the primary tanks. Features are great flexibility, 
high rate of B.O.D. loading and the ability of such a plant to handle 
strong domestic and industrial sewage in single-stage or two-stage 
treatment, as required. A large number of installations of this type 
are now in operation. Send for Folder No. 1881. 


Water, Sewage and Industrial Waste 


engineers, and plant operators in planning and operating plants, for positive results and high- 
est efficiency. It will pay you to check your plans and specifications with Link-Belt engineers. 
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' STRAIGHTLINE BAR SCREENS 

4 E Link-Belt STRAIGHTLINE Mechanically Cleaned Bar Screens have 
“ spaced parallel bars on which the larger floating solids in incoming 
| sewage collect, and a mechanically operated rake for removal of the 
| accumulating solids, thus assuring an even flow of sewage through 
{ the channel. The machine may be set vertically or inclined, and used 


in small or large plants. 
Send for Booklet No. 1587 





TRITOR SCREENS 


The Link-Belt Tritor Screen is a combination mechanically cleaned 
screen and grit chamber. It is especially designed for medium and 
small size plants. Its main elements are a hopper, a bar screen, and a 
bucket elevator for removing the solids accumulated on the screen and 
the grit from hopper. The buckets are perforated for drainage and have 
rake teeth for cleaning the screen. Adjustable baffles regulate velocity 
of flow through the hopper. 











| Send for Booklet No. 1587. 
v 
STRAIGHTLINE GRIT COLLECTORS and WASHERS 
F | gg ON The Link-Belt STRAIGHTLINE Grit Collector and Washer collects the 


settled grit and frees it from putrescible organic matter. This unit con- 
sists of a scraper type collector with pitched flights, and an inclined 
washing and dewatering screw to which the collector conveys the grit. 
The grit is discharged washed and dewatered above the water level by 
the screw. 


Send for Book No. 1942. 





INDUSTRIAL WASTE SCREENS 


The Link-Belt Industrial Waste Screen is an efficient and economical 
unit for the removal of objectionable suspended solids from industrial 
waste before the water is discharged into sewers or streams. The screen- 
ings come off the machine with a minimum of moisture. Units are 
po ape available in several sizes and with coarse or fine screen medium. Wastes 
ina 4 from canneries, textile mills, steel mills, etc., are handled successfully 
vunating scesty | by these screens. Send for Book No. 1977. We also manufacture rotary 


screens for similar service. 


OTHER LINK-BELT EQUIPMENT INCLUDES: SrraIGHTLINE Scum Breakers for Digestion Tanks; Air 
Diffuser Units for degreasing, aeration and mixing of liquids; Non-Clogging Spray 
Nozzles; Traveling Water Intake Screens; Rotary Screens; Roto-Louvre Heat 
Dryers; Coal and Ashes Handling Machinery; Car Spotters and Haulage Systems; 
Shovels-Cranes-Draglines—Crawler and Wheel Mounted; and a complete line of 
Elevating, Conveying and Power Transmission Machinery. Catalogs sent on Request. 


PHILADELPHIA 40 
LINK-BELT COMPANY e 2045 W. Hunting Park Ave. e 300 W. Pershing Road 


Atlanta . . Baltimore 1 . . Boston 15 .. Buffalo 3 . . Cleveland 13 .. Dallas 1 . . Denver 2 . . Detroit 4 + » Grand Rapids 6 . . Houston 2. . 
Huntington 9, W. Va... Indianapolis 6 . . Kansas City 6, Mo. .. Los Angeles 33 . . Louisville 2 . . Minneapolis 5 . . Moline, Ill. . . Newark 2 : 
New Orleans 13 . . New York 7 . . Oakland 7, Calif. . . Pittsburgh 19 . . Portland 9, Ore. . . San Francisco 24 .. Schenectady 5 . . Seattle 4... : 


St. Louis 1 . . Spokane 8 . . Washington 5 . . Wilkes-Barre 


In Canada—Link-Belt Limited—Toronto 8; Montreal; Vancouver; Swastika, Ont. 10.288 
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3 No. 4-GS-25 American Gas Eoilers installed in the 
Back River Sewage Disposal Plant, Baltimore, Md. 
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AMERICAN GAS BOILER CAPACITIES WITH SEWAGE DISPOSAL GAS a 
. 
P BOILER NO OUTPUT PERHOUR [INPUT PER HOUR BOILER SPACE | s| 
y 
Cu.Ft " Floor Space i tl 
Make the experience of others your pru [SF [SF] pry. [ust] Ove pa | 
Steam | Water | 
. * Steam Water r AGA. | AGA. ron BTU. Hgt Width iI n 
guide to trouble-free heating | our | Rating | Rating | Hour [Sludge] St | PS | Depth | | 
| Gas ih n 
i ‘ | } v 
| To heat sludge digesters, sewage plants | |. 1-GA-4E 31,500 | .... 210 39,350 $6 | 401g" | 16" | 2014" | 
. pers 1-GA-5E 42,000 one 80 52,500 4014 y | 
| from coast to coast rely on American Gas | °*"**: | 1-GA-6E $2:500 | hares 350 65,600 94 | 401; 16 2614 | v 
| Boilers. Let the hundreds in service [| | 2-GA-4E 63,000 | 420 78.750 113 | 50% 16 2314 | . 
1! : , me —i—i(‘élésC ge ce | 2-GA-SE 84,000 | 560 105,000 150 50% 1 4 
\) guide your own selection, J svvvvs | 2-GA-6E | 105,000 | 700 131,200 | 188 | 5015 16 291, | ‘ 
mm , Se en eeeree | 2-GA-7E 126,000 840 157,500 | 225 | 5014 16 3214 | 
These boilers are engineered for depend- | 0 
i} ‘ eee err | 4-GA-8E 147,000 | .... 980 183,750 | 263 | 54 16 37% 2 
| able operation and are especially adapted | ‘'"'"*: | 4-GA-9E | 168,000 | :::: | 1120] 210,000 | 300 | 5414 16 4014 i 
| tN OOS ST CS ela I Cipher | 4-GA-I1E} 210,000 | 1400 262,500 | 375 | 54! 16 461 i 
|| for burning sewage gas. They are com- [| °*"""": 4-GA-13E| 252,000 | 1680 | 315,000 | 450] 56° | 16 | sai 
| pletely automatic, one valve controlling 0-GS-4E| ........ 61,200 | 255 | ..... 76,600 | 109 | 5214 16 3334 s 
" , : 0-GB-SE | ..cccese 81,600 3 ee 102,000 146 | 53 16 373 f 
7 6H Lemperee & OH predetermined 0.GS-6E| 1.1.2... 102:000 | 425 | (22! 127.500 | 182 | 52% 16 413; | 
degree. Pintype sections afford the most | 
effective type of cast iron heat-absorbing 1-GS-4 | 1-GW-4 146,000 610 980 182,500 | 261 5414 35 3334 | 
a : 1-GS-5 | 1-GW-5 186,000 | 775 | 1240 232,500 | 332 | 56%; 39 33% , 
surface. Controls are available to ac- 1-GS-6 | 1-GW-6 225,000 | 940 1500 281,500 | 402 | 5614 43 3334 ¢ 
| : 1-GS-7 | 1-GW-7 265,000 | 1105 | 1770 331,000 | 473 | 57 47 33% ‘ 
| commodate any desired system of gas, 1GS8 | 1.Gw8 305,000 | 1270 | 2030 | 381,000 | 545 | 59% $1 33% 
. 1-GS-9 | 1-GW-9 345,000 | 1435 | 2300 431,000 | 616 | 58! 5 33% | 
| temperature, or pressure regulation. A 1-GS-10 | 1-GW-10 384,000 | 1600 2560 480,000 686 | 5914 59 33% | | 
| wide range of sizes meets all require- 1-GS-11 | 1-GW-11 | 424,000 | 1765 | 2820 530,000 | 757 | 59 63 33% | 

| . . 

‘ ; : 4-GS-6 | 4-GW-6 480,000 | 2000 | 3200 600,000 | 857 | 74 53 52 | l 
jj ments. For complete detailed informa 4-GS-7 | 4-GW-7 576,000 | 2400 | 3840 | 722.000 | 1030 | 75 58 | 52 t 
| tion, write American Radiator & Standard 4-GS-8 | 4-GW-8 672,000 | 2800 | 4480 840,000 | 1200 | 77 62 52 | 
|} =e ; : 4-GS-9 | 4-GW-9 768,000 | 3200 | 5120 960,000 | 1372 | 773%, 66 52 t 
||| Sanitary Corporation, P. O. Box 1226, 4-GS-10 | 4-GW-10 864,000 | 3600 5760 | 1,079,000 | 1543 | 7914 70 52 ‘ 
1 a . 4-GS-11 | 4-GW-11 | 960,000 | 4000 | 6400 | 1,200,000 | 1715 | 80 74 52 | 

Pittsburgh 30, Pa. I 
4-GS-13 | 4-GW-13 | 1,152,000 | 4800 | 7680 | 1,440,000 | 2060 | 75 85 64 | 
| _— ‘ 4-GS-15 | 4-GW-15 | 1,344,000 | 5600 | 8960 | 1,680,000 | 2400 | 77 93 64 
| NOTE: A merican Gas-Fired Storage Water $98.17 +-GW.17 1,536,000 | 6400 | 10240 | 1,920,000 3740 17% 103 64 ( 
| ili ; " 4-GS-19 | 4-GW-19 | 1,728,000 | 720¢ | 11520 | 2,162,000 | 3090 | 7914 | 107 64 | 
Heaters are made for supplying hot water 4-GS-21 | 4-GW-21 | 1;920,000 | 8000 | 12800 | 2'400,000 | 3425 | 80 110 64 | 
for necessary needs. 
4-GS-22 | 4-GW-22 | 2,016,000 | 8400 | 13440 | 2,520,000 | 3600 | 77 136 64 ( 
4-GS-25 | 4-GW-25 | 2,304,000 | 9600 | 15360 | 2,880,000 | 4120 | 77% 148 64 
4-GS-28 | 4-GW-28 | 2,592,000 { 10800 | 17280 | 3,240,000 | 4625 | 791 | 160 64 
MERICAN= tandard 4-GS-31 | 4-GW-31 | 2,880,000 | 12000 | 19200 | 3,600,000 | 5145 | 80 172 64 ( 
4-GS-33 | 4-GW-33 | 3,072,000 | 12800 | 20480 | 3,840,000 | s480 | 77% | 186 64 | 
| HEATING PLUMBING 4-08-37 +-GW-37 3,456,000 | 14400 | 23040 | 4,320,000 616s 7914 202 64 i 

, 4-GS-41 | 4-GW-41 | 3,840,000 | 16000 | 25600 | 4,800,000 | 6850 | 80 21 64 
|| cherwing He Nations flealth and Confort | 
I . xx T> top of Draft Hood 
SALES OFFICES IN PRINCIPAL CITIES 
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GAS HAZARDS* 
Methods of Reducing Such at Sewage Treatment Plants 


PART | 
OPERATION AND MAINTENANCE 


Instructions to Operators and Superintendents 


Sewers. 

a. Solids should never be allowed to accumulate in sewers to 

give off gas during their decomposition. Frequent inspection, by 
means of gas detectors, are suggested to determine if explosive or 
toxic gases are present. Periodic flushing of sewers is also sug- 
gested, particularly in sections at flat grade or near dead ends. 
b. Inflammable or volatile liquids, such as petroleum products, 
oil or cleaning solutions, should not be permitted to gain access to 
the sewers. Garages, dry cleaning establishments, or any building 
handling volatile or inflammable liquids should be equipped with 
traps on their sewer connections to intercept such liquids at their 
source. Frequent inspections of establishments using such products 
are required to eliminate this all too frequent source of danger. 
Persuasive letters or the enforcement of a local ordinance or fire 
code may be used to enforce their exclusion. 

c. As much ventilation as possible should be provided. Any 
complaint relative to odors from sewers must be given careful 
consideration, the odor traced to its source and eliminated rather 
than sealing manholes and thus permitting what could easily be an 
explosive or toxic gas to increase in concentration. 


Plant Odors or Sanitation. 

a. All pockets which collect solids should be eliminated and 
ventilation ducts should be maintained at all points where gas 
might accumulate. The vapors caused by gasoline and similar 
products are heavy and should be removed from low points of 
enclosures, preferably at the point of entrance to the plant, while 
the so-called sewer gas is lighter than air and must be removed 
at the top of enclosures (incoming sewers must be trapped to pro- 
vide positive ventilation). Where provided ventilating systems 
should be used at all times. Where no ducts or fans are provided 
their installation should be urged. A mixture of air and inflam- 
mable gases in ducts is liable to be explosive, therefore, the blower 
must be of the non-sparking type suitable for such work and the 
motor must be as approved by the National Board of Fire Under- 
writers for hazardous atmospheres. 

b. Screen chambers, weir chambers, channels and all pockets 
where sludge or floating solids may accumulate should be flushed 
clean at least one daily; more often in summer. Any sludge or 
supernatant liquor spilled during sampling or drawing should not 
be allowed to stand to give off dangerous gases or odors. Water 
or clarified effluent under considerable pressure should be avail- 
able for these purposes. 

c. Scum and screenings should be removed daily. 

d. Wet wells at treatment plants or outlying pumping stations 
should be maintained clean enough, at all times to prevent gas 
formation. 

(The above applies to the removal of sources of gas formation 
which will, by their toxic effect, lower the vitality of the plant 
personnel if not present in sufficient concentration to become lethal 
or explosive. The gases present at sewage treatment plants do not 
always give warning of their presence by the sense of smell.) 


Plant Operation. 


_a. Care must be exercised in drawing sludge or supernatant 
liquor from digestion tanks with fixed covers. At no time should 
the liquid level in this type of digester be lowered to a point where 
the gas is no longer under pressure. The installation and use of 
gas storage devices cannot be too strongly rcommended to com- 
pensate for the lowering of liquid level in digesters. Where gas 
storage units are provided, no attempt should be made to lower 
digestion tank levels unless sufficient gas is stored to compensate 
for such lowering of liquid levels; an alarm on gas holders could 
be installed to warn when the volume of gas is lowered to a pre- 
determined level. Gas holders or floating covers should never be 
permitted to come to rest (grounded) unless they are to be taken 
out of service, in which event they should be purged with an inert 
gas under competent supervision. (Information relative to purg- 
ing may usually be obtained from local gas engineers. ) 

b. Sludge levels should be held low enough below gas domes 


_ *From the 1940 report of the Committee on Hazards of the N. J. 
Sewage Works Association. 





or outlet pipes to prevent the entrance of solids to gas lines. A 
float operated pump cut-off switch, alarm, or overflows are rec- 
ommended to keep the scum level(s) below a predetermined point. 


c. A daily examination should be made of the liquid levels of 
all seals. Any liquid displaced or lost by evaporation should be 
immediately replaced. The use of a non-evaporating anti-freeze 
solution is recommended. 


d. It is suggested that a chart be set up requiring. the daily or 
hourly notation by the operator or assistants of any data pertain- 
ing to gas pressures, sludge levels, liquid or sludge to and from 
the digestors, gas production, attention to seals or any other data 
relative to the safe handling of sludge gas. A monthiy check of 
conditions of safety and first aid equipment is recommended. 


Safety Measures. 


a. All gas handling equipment should be maintained gas tight. 
Joints should be periodically tested by a soap test for leaks. 


b. “U” traps, drips or any outlets into enclosed space should 
not be permitted. Any such outlets found should be eliminated 
or, if necessary, vented out-of-doors. Under no condition should 
they be vented to sewers. 


c. All enclosed spaces should be properly ventilated (forced 
ventilation preferred) so that, should leaks in gas handling equip- 
ment develop, no toxic or explosive mixture will be built up. Con- 
fined spaces frequently used should be constantly ventilated and 
less frequented enclosures thoroughly ventilated before use. 


d. As a precautionary measure, but far from foolproof where 
explosion hazards exist, all possible sources of ignition should be 
eliminated—such as: 

Flames: Open lights. matches, cigar lighters, fires, blow torches. 

Sparks: From tools, lightning, static, electric shorts, motors. 

Heated Materials: Heated metals, hot cinders, glowing tobacco. 


The judicious use of “No Smoking” signs is recommended where 
explosion hazards exist. Too liberal use of these warnings tends 
to minimize their effectiveness. The use of electrical equipment 
designed for hazardous atmospheres and spark-proof tools is rec- 
ommended. 


e. Electric motors 
grounded. 


f. It is strongly recommended that whenever it becomes neces- 
sary to enter any enclosure—such as a digestion tank—in which 
an oxygen deficiency or an explosive gas or toxic gas is liable to 
be found, the following precautions be observed: Completely 
drain any residue of sludge and purge the tank with water and/or 
an inert gas. Do this with a minimum of manhole disturbance to 
prevent possible ignition by sparks. Thoroughly ventilate (force 
draft if possible, never suction unless by means of spark-proof 
blowers and motors). A workman (or workmen) must never 
attempt, or be assigned, to enter such an enclosure unless they are 
equipped with a gas mask of the hose or oxygen helmet type 
(never canister) and a safety harness (not simply a rope tied 
around his body) to which is attached a rope strong enough to 
support his weight, tied at the top and attended by sufficient man 
power to pull him out if necessary. Maintain communication be- 
tween the men in the enclosure and those on top. Rubbers or boots 
should be worn and a great deal of caution observed to prevent 
sparks from tools or static electricity such as rubbing or striking 
metal buttons. Masks and safety harnesses must be kept dry and 
their condition checked frequently. Never attempt to use this 
equipment without thoroughly testing. All plant personnel should 
be thoroughly familiar with their use. Only lights that are 
approved by the National Board of Fire Underwriters for hazard- 
ous atmospheres must be used. These same precautions should 
be observed with the necessary modifications when entering or 
working in sewer lines. Air and digestion gas must never be 
mixed in digesters, piping or any gas handling equipment. When 
digestors or equipment are placed in service or taken out of serv- 
ice, the entire system must be purged with water, an inert gas, 
or a combination of the two. 

g. Gas and oil burners should be installed and used under local 


should be permanently and effectively 
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ordinances or codes and the National Board of Fire Underwriters 
codes relating to such equipment. 

h. A supply of chlorine should be maintained in any process 
building sufficient for normal demands only. The main supply 
should be stored in a detached non-combustible building or. if in 
a room attached to the main building, it shall be of fire-proof con- 
struction and separated from the main part of the building by a 
fire-proof door constructed under the regulations of the National 
Board of Fire Underwriters. The room or building should be used 
for no other purpose and should be kept locked at all times to 
prevent the entrance of unauthorized persons. 

i. Two yellow canister masks should be provided for use in 
chlorinous atmospheres. They should be kept in a dry place which 
is handy to chlorine storage or use, yet not lial le to exposure to 
chlorine fumes in event of leaks. Every man at the plant should 
be thoroughly familiar with their use. 


Safety Equipment. 

The following equipment is recommended for all sewage treat- 
ment plants at which sludge gas is collected or burned: 

a. A hose mask or oxygen helmet, a safety harness [and two 
yellow canister masks for use in chlorine gas if included in treat- 
ment. ) 

b. Fire Extinguisher. One 2%-gal. foam or one 15-lb. COs 
extinguisher should be provided for each 2500 sq. ft. of floor area, 
or for not over 50 ft. of travel to reach the nearest extinguisher. 

c. Sewage treatment plants should be provided with a suitable 


instrument tor detecting explosive gases and for detecting HS 
Illuminating gas in sewers may be detected by means of relati ~ 
cheap ampoules which indicate the presence of carbon monoxid. 
(CO). A Wolf safety lamp, explosion meter, Orsat eapersien , 
or similar equipment are required to test for explosive salnteees 
Hydrogen sulphide (H2S) may be detected by several commer sa 
apparatuses or by a 5% solution of lead acetate. - 

d. First aid equipment. Personnel employed at sewage treat 
ment plants should have a knowledge of artificial respiration 
knowledge of the location of the nearest safety team equipped with 
an inhalator, and list of doctors and other aids to be called jn 
emergency. (The local gas or electric company usually maintains 
a safety squad equipped with an inhalator.) 

It is suggested that operators and their assistants attend first aid 
meetings and familiarize themselves with first aid and artificial 
respiration methods. It is suggested that night operators or single 
operators |e required to call the local police station or some other 
agency hourly and that failure to do this will result in a check-up 
of the operator's condition by the police. An accident may thus 
be prevented or a life saved. —. 

e. Manometers or other pressure indicating devices, located at 
points visible from valves or other controls used to change the 
levels of digestion tanks. which will indicate gas pressures within 
the digester and at all other seals. Manometers should be installed 
in such a manner that the liquid contained therein cannot be blown 
out to permit the escape of gas into any enclosure. 

f. A telephone for use in summoning aid in case of fire, explo. 
sion or asphyxiation. 


PART II 
PLANT DESIGN, PIPING, EQUIPMENT 


Sludge Digestion Tanks. 
l. Tanks: 

a. Covered separate sludge digestion tanks shall be provided 
with means to maintain gas under pressure at all times to allow 
for reasonable operating fluctuations of liquid or scum levels. 
Fluctuations in liquid or scum levels will be considered in relation 
to the volume and moisture content of raw sludge. For domestic 
sewage, this volume should be from a minimum .3 cubic ft. per 
capita for plain sedimentation to a minimum of 5 cu. ft. per 
capita for activated sludge. 

b. Covered separate sludge digestion tanks shall be constructed 
or treated so that they are impervious to gas, and no buildings 
shall he erected over them. 

c. All openings in tanks with fixed covers shall be sealed gas 
tight. Curtain walls or sampling pipes shall extend at Icast 6 in. 
below reasonable operating levels as required in section 1 (a). 

d. All closed digestion tanks shall be provided with means for 
safe disposal of gas as further provided in these recommendations. 
2. a. Where gas is collected, domes or similar devices shall be 
provided at the high point(s) of the digester cover. 

b. A safety pressure release with adequate flame protection shall 
be provided for each collecting dome or floating cover. This device 
shall be installed to release excess pressure directly from the 
digester. It shall be designed to operate at a pressure of at least 
2 in. of water above maximum operating pressure 


Pipe Lines. 
1. Piping: 


a. Pipe lines to be used for the collection and transmission of 
digster gas shall be of gas tight construction and shall be pitched 
with a grade of not less than % in. in 15 ft. with drips provided 
at low points. Consideration should be given to the insulation of 
exposed lines to prevent freezing of moisture. All piping shall 
meet the Good Practice Requirements of the National Board of 
Fire Underwriters 

b. No siphon or “U” taps shall be installed on drips and all 
automatic drip discharges shall be to a point outside any enclosure. 
In no case shall this be to any sewer or pipe line. 

c. Minimum pipe sizes for gas lines shall be 2% in. Non- 
insulated lines exposed to freezing temperature should be double 
the above capacity. It is suggested that all gas piping be three 
times its designed capacity. 

d. Pipe lines to gas engines shall be suitably protected against 
flame propagation and excess pressure. All such lines should be 
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independent of all other piping. Sizes and appurtenances shall be 
determined by the specific engine requirements. 

e. Valved ly-passes should be provided for all meters. 

f. Means should be provided to permit purging all gas handling 
equipment of sludge gas or air. 

gz. Means shall be provided to prevent the accumulation of 
sludge or supernatant liquor in sampling sinks or channels within 
enclosures. 
2. Valves: 

a. Shut-off valves should be provided for the sub-collection lines 
for each tank and in the main line before and after the pressure 
relief and flame traps. 


b. Pipe lines or valves shall not be installed permitting the 
by-passing of flame traps or pressure reliefs. 


Equipment. 
1. Pressure Regulation: 

a. Means shall be provided to maintain a minimum working 
pressure of 2 in. of water in gas piping at the point[s) of con- 
sumption. 

b. Equipment or devices shall be provided which will confine 
the fluctuations in working pressure within the gas piping system 
to a definite limit or range (see also Waste Gas Disposal). 

c. Any equipment or device designed for the collection or stor- 
ave of gas in which excessive pressure may be built up when the 
flow of gas therefrom is stopped shall be equipped with a device 
that will permit the escape of gas. It shall discharge at a mim- 
mum of 2 in. water pressure over the pressure required in the 
unit to maintain the designed maximum working pressure within 
the gas system. Such gas discharges shall not be to any enclosure 


2. Flame Trap(s) or Arrestors(s): 

a. A flame trap shall be provided close to the service end of all 
supply pipes, with no connection to a gas consuming unit between 
the flame trap and source of supply not protected by another flame 
trap 

b. Flame trap(s) shall be suitably protected from the elements 

c. Where gas engines are to be used, separate flame traps shall 
he installed on the line (see “Pipe Lines” 1 [d). 

3. pressure Relief(s): 

a. An automatic pressure relief shall be provided suitably pro 
tected from the elements. 

b. Where gas engines are to be usd, a separate pressure relief 
shall be installed, of the dry seal type (sce “Pipe lines” 1 (d). 
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4. Seals and V ents: 
i t requiring liquid seals shall be provided with indi- 
~ Bey showin the liquid levels to be maintained and means 


arl te - 
py to introduce an additional supply of sealing 


liquid. 
’ Liquid seals on equipment in locations exposed to freezing 
temperatures shall be anti-freeze solution. 

c. Vents or drip discharges shall be piped to the outside and 


not to any sewer or pipe line. 


3. Waste Gas Disposal: 

__A waste gas line shall be provided which will discharge into 
the atmosphere at a point outside the building at a height suffi- 
ciently above ground or surrounding structures to insure proper 
and adequate dilution, or to a protected burner. 

b. The excess gas line shall be free of valves or other possible 


obstructions. 


6. Waste Gas Burners: 

a. Waste gas burners shall be designed and installed so as to 
maintain a flame in high winds or rain and shall be provided with 
a flame trap and a pilot from the outlet side of the main flame 
trap or an individual flame trap. 

b. Waste gas burners shall not be placed nearer than forty (40) 
ft. from digestion tanks or twenty [20) ft. from any building. 
They may, however, be placed at least five (5) ft. above flat 
roofs or two (2) ft. above ridges of gable roofs of buildings pro- 
vided they are at least fifteen (15) ft. from any higher story or 
any adjacent building and the roof is of fire-proof construction. 


7. Gas Meters: 
The installation of gas meters is recommended to measure the 
production and consumption of gas. 


8. Pressure Gages: 

a. A gage, or gages, to show in inches of water (or equivalent) 
the gas pressure in the digestion tank shall be provided and located 
so as to be visible at the points of control for the withdrawal of 
sludge and supernatant liquor. 

b. Pressure gages in the line(s) before and after the flame 
traps and at points of gas utilization are desirable. 

c. Manometers shall be designed to prevent escape of gas into 
any enclosure caused by a blow out of liquid. 


9. Boilers: 


a. Gas and oil burners should be installed and used under local 
ordinances or codes and the National Boar of Fire Underwriters 
codes relating to such equipment. 

b. Flues from gas heaters shall be separate from building heat- 
ing plant shimney and shall be carried above roof a minimum 
distance of three [3) ft. above flat roofs or two (2) ft. above 
ridge of gable roofs, or if near chimneys an additional height of 
at least eighteen (18) in. above adjacent chimneys. 

c. Siphonage or other type of ventilators on top of flues that 
will prevent backdraft are recommended. 


10. Gas Holders: 


_ a. Where gas holders are installed to compensate for differences 
in liquid or scum elvations in digestion tanks, they should have 
capacities as required under “Sludge Digestion Tanks 1 (a).” 
They shall be connected so that any lowering of liquid level in 
the digester is compensated for by a flow of as from the holder 
to the digester. Alarms or cut-off switches are recommended to 
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maintain the volume of gas in the holder above a predetermined 
minimum. 

b. The capacities of gas holders to be used in conection with 
gas engines shall be considered in relation to the engine require- 
ments. 

c. Gas holders of the high pressure type shall include a bal- 
ancing suction tank and automatic regulators to pump controls. 


11. Ventilation: 


a. Forced draft ventilation shall be provided with outlets at or 
near the sewage level in enclosed screen chambers, covered sedi- 
mentation tanks, and at all points where either heavy or light gas 
may accumulate. Ventilation by suction is recommended. 

b. Ventilating fans shall be of the non-sparking type suitable 
for hazardous atmospheres. Motors shall be so mounted that no 
contact is made with the air in ducts or blowers and shall be con- 
structed as approved by the National Board of Fire Underwriters 
for hazardous atmospheres. Electric motors shall be permanently 
and effectively grounded. 


12. Housing of Equipment: 

a. Where installed in buildings, heating equipment, flame traps, 
pressure reliefs, gas meters, etc., shall be located in a separate 
building or room. The room shall be cut off from the rest of the 
building by fire-proof walls as approved by the National Board of 
Fire Underwriters. The entrance to the room or building shall 
be from the outside and through a door designed to swing out- 
ward. 

b. The floor of the building or room housing such equipment 
shall not be located below the ground surface and, if over or 
under other parts of a building, shall be of gas-proof construction. 

c. The room or building shall be ventilated at both the floor and 
ceiling. 

d. The walls of the building or room shall have liberal glass 
area consisting of thin glass sash. Where, because of exposure, 
it is necessary to use wired glass, sash shall be so hung that they 
will readily swing out in case of an explosion. Such sash shall 
not be secured. 

e. All electric wiring, including lights and switches, shall be as 
approved by the National Board of Fire Underwriters. 

f. The use of individual gas heaters is not recommended to burn 
sludge digestion tank gas. 


13. Safety Equipment: 

a. A hose mask or oxygen helmet and safety harness shall be 
provided. 

b. One 2%-gal. foam or one 15-lb. COo extinguisher should 
be provided for each 2500 sq. ft. of floor area, or for not over 
50 ft. of travel to reach the nearest extinguisher. 

c. Gas detectors for inflammable or toxic gases are recom- 
mended. 

d. A telephone is recommended. 


14. Chlorine: 


a. A separate building or room of fire-proof construction as 
approved by the regulations of the National Board of Fire Under- 
writers shall be provided for chlorine storage. It shall be designed 
solely for chlorine storage, adequately ventilated and its door 
provided with a lock. 

b. Gas masks for use in chlorinous atmospheres are recom- 
mended. 


Edward F. Shissler, Chairman, Leigh Morril, Secretary 








Limits of Flammability of Gas-Air Mixtures* 


THE above table gives the approximate limits of flammabil- 
ity of gasses when admixed with air at ordinary temperatures 
and approximately atmospheric pressure. The list includes those 
gases found in sewers and at sewage treatment plants. The 
figures represent % by volume of the respetcive gasses in the 
air-gas mixture. The “Lower Limit” is that below which ex- 
plosions will not occur; the “Upper Limit” is that below which 
flame propogation will be experienced, if not explosion; and 
above which the ratio of oxygen to gas is not sufficient to sup- 
port burning or flame propogation in a closed tube or vessel. 





*Courtesy of The Vapor Recovery Systems Co. 


R. M. Cadman, I. R. Riker. 

Lower Limit Higher Limit 

By Volume By Volume 
I ooo can ak neh sunneean 14.8 79.0 
> 4.3 14.0 
Methane (turbulent) ............. 5.0 15.0 
a ERE rere ree 4.1 740 
Hydrogen Sulphide .............. 4.3 ‘ 46.0 
rrr ree 12.5 74.0 
ges cncisweanwasasuack 9.0 55.0 
PP os. cede hcatensececkans 48 13.5 
IlNuminating Gas ..........ssc00- 5.3 31.0 
See 35-37 65.0 
Methane and Hydrogen Sulphine.. 4.1 71.5 
Methane and Nitrogen ........... 5.8 12.8 
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FACTS on Sludge Incineration for every community 
planning modern sewage disposal 


Nichols Herreshoff Incinerators are successfully 
incinerating sludge produced by each of the 
basic methods of sewage treatment: Primary, 
Chemical, Bio-chemical, Activated—either in 


raw or digested condition. 


Nichols Herreshoff Sludge Incinerator installa- 
tions range in size from 4 tons of cake a day to 


1,200 tons of cake a day. 


Liquid sludge consisting of 85-90%, water is 
being successfully incinerated. Where this type 


of plant can be installed, the saving in design, 


60 WALL TOWER, NEW YORK 5, N. Y. 


construction, chemicals, reduced maintenance 


and labor, make it a very worthwhile undertaking. 


Nichols Sludge Incinerators are meeting the 
needs of large and small communities for a 
sanitary, healthful and efficient means of dis- 
posing of sewage and industrial wastes. The 
installations are characterized by their simplicity 
of design, flexibility of operation and depend- 


able performance. 


Literature describing Nichols Herreshoff Incinera- 
tors is available and will be forwarded upon 


request. 


NICHOLS ENGINEERING & RESEARCH CORPORATION 


UNIVERSITY TOWER BLDG., MONTREAL, P,Q. — 
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MECHANICAL 
PROCESSING 


EQUIPMENT 


fer 
Walter Furification and Sowage Sreatment 


Present day demands for improved machines and equipment are 
bringing about vast changes in the design, manufacture and mainte- 
nance of all mechanical apparatus. This is especially true in the art of 
water, sewage and industrial waste treatment. 


oer TNE os 


—_~ 


- 





To meet these demands manufacturers must religiously follow an 
extensive research program, to develop new equipment, and assay for 
a better product thru improved design and fabrication methods! 


It is here in this research phase of manufacturing, that the develop- 
ments of tomorrow take shape... from the embryonic idea, to the per- 
fected method or machine. It is here that CARTER engineers carry 
on a continuous program to further the advance of new and improved 
equipment. 

In an abbreviated form on the pages that follow, we present typical 
CARTER mechanisms that our engineers have developed for applica- 
tion in the water, sewage and industrial waste field. Full and specific 
information will be gladly furnished on request .. . no obligation, of 


course, 


RALPH B. CARTER COMPANY 


Main Office - HACKENSACK, N. J. + 53 Park Place, New York 7 
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CAR T E R | Mechanical Mixing 





Mechanical mixing . . . one phase of water or 
sewage treating on which most engineers are in 
complete agreement. They know the added effi- 
ciency, the substantial dollar saving and the im. 
proved chemical mixing adds up to an effectual in- 
crease in overall plant results. 


For your next design may we recommend 
CARTER mechanisms for your serious considera- 
tion. These carefully engineered, ruggedly con- 
structed units are guaranteed to give you 100% 


satisfaction on your most difficult assignment. 


x Write for Bulletin No. 4501 


C A R T E R Rolary Pisthitutors 


Typical of the major items manufac- 
tured by CARTER for waste treatment, 
the reaction type rotary distributing 
unit reflects sound engineering in both 
its mechanical development as well as 
its actual processing ability. 


The perfection of the CARTER level- 
ing flange which permits column re- 
alignment due to faulty sub-soil, and 
the introduction of an entirely new 
principle in the Deflec-ta-spray nozzle, 
are but two of its many features. 


* 
Write for Bulletin No. 4401 
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Concentration and digestion of 
both primary and secondary solids is 
most effective, if this settled material 
is stored in a closed tank, tempera- 
ture controlled, and gently stirred 
during this storage period. 


The stirring action is of primary 
importance in this process because 
with it, all surface scum accumula- 
tions are continuously broken up, the 
ripe digested sludge is positively 
moved from the tank periphery to the 
central sludge pocket, and the pro- 
duction of sewage gas is facilitated. 


The CARTER mechanism that has 
been developed for this service is a 
ruggedly constructed unit, that has 
been designed to meet the maximum 
demands of this phase of sewage 
treatment. 

















Illustration above shows 
“custom” fabrication of 
sludge scraper mechca- 
nism of 60’ diameter 
fixed roof tank. Note the 
heavy duty features of 
these members. 


* Write for Bulletin No. 431 


RALPH B. CARTER COMPANY 


Main Office - HACKENSACK, N. J. « 53 Park Place, New York 7 
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CART E R Contactors Pumps 


Used extensively in the industrial field, both 
the long coupled or the close coupled type illus- 
trated, have proven reliably efficient and trouble 
free on water or sewage applications demanding 
a centrifugal pump with automatic self-priming 
ability. 





New construction features include a co-axial 
type volute with but one moving part. With this 
new development, capacities of from very few, 
to many hundreds of gallons of liquid are obtain- 
able with a minimum of maintenance costs. 


Write for Bulletin No. 4310 


q CA R T E R Centifugal Pumps 


Where a high degree of secondary treatment is re- 
quired, analysis has shown the sand filter bed method 
both economical and efficient. This is especially true 
of installations employing automatic alternating si- 
phons. These installations show final results equal to, 
and in many cases superior to, other methods regard- 
less of cost. 




















If you plan using the sand filter bed method of sec- 
ondary treatment, we recommend for your serious 
consideration the CARTER fully automatic siphon, 
designed for trouble-free operation, and guaranteed to 
give quick, uniform alternate cycle distribution. Stand- 
ard sizes range from 6” to 24” in the single, double or 
plural type and cover a capacity range of from 280 to 
10,000 GPM. 


* Write for Bulletin No. 4312 




















Portable dewatering equipment . .. a must on every 

plant operator’s equipment list, demands a versatile 
unit of sturdy, rugged construction, that will give hour 
after hour of continuous duty operation in any emer- 
gency. 
7 The dependable CARTER Model 30B single dia- 
phragm unit illustrated at left has earned such a 
reputation on general utility service. For effective 
handling .of liquids containing a high solid content, it 
has no equal. Both the single and double types are now 
available in 3” and 4” sizes. 


* Write for Bulletin No. 4503 
RALPH B. CARTER COMPANY 

















Main Office > HACKENSACK, N. J. » 53 Park Place, New York 7 
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BAILEY METER COMPANY 


1072 Ivanhoe Road, CLEYELAND, OHIO 


PHILADELPHIA BUFFALO 


NEW YORK 
ST. PAUL KANSAS CITY 


MILWAUKEE 


BOSTON 
CHICAGO 


HOUSTON DENV 


CINCINNATI 
LOS ANGELES 


PITTSBURGH ATLANTA 


SEATTLE DETROIT 


SAN PRANCISCO 


BAILEY METER COMPANY LIMITED, Montreal, Canada 
METERS, GAGES and CONTROLLERS for SEWAGE TREATMENT and WATER SUPpLy 





STANDARD BAILEY REGISTERS 
Bailey Flume Meter—Simplicity of installation, low head 
losses and self-cleaning features of the Parshall Flume have 
resulted in q greatly increased use of this device for a meas- 
ureme? ot Sewage Flow in open channels. 
The Bailey Flume Meter «4 simple and accurate. As shown 
in the illustration, it consists of a single float which is con- 
nected by a flexible cable to the sturdy recording, integrat- 
ing and indicating mechanism on the panel board. The 
panel board may be omitted if desired and the recording 
mechanism mounted on a wal! or column. This device may 
be adapted to any type of open channel metering over any 
operating range required. Its capacity can be altered in the 
field by installing new gears and/or cam without disturbing 
any other parts of the installation. 
Standard Bailey Indicating, Recording and Integrating In- 
struments are used, charts are 12 inches in diameter and 
uniformly graduated. Instruments may be placed in remote 
locations by the addition of Bailey Telemetering Systems. Ask 
for Bulletin No. 62. 


INDICATING 
RECORDING & 











Typical installation of Bailey Flow Meter for Parshall Venturi Flume. 
Bailey Weir Meter—For measuring flow using any type 
of Weir notch, highly accurate results can be obtained with 
a Bailey Weir Meter. This meter is similar to the Bailey 
Flume Meter and possesses the same features of sturdiness, 
flexibility and accuracy. Remote transmission can be pro- 
vided when desired. 

Open Float Type Meter—The Bailey Float Type Meter 
is especially adapted to measure the flow of sewage, sludge, 
dirty water or other liquids in pipe lines using a Venturi 
Tube, flow nozzle or eccentric orifice. 

This meter is operated through a differential gearing and 
cam mechanism from floats which rest on the liquid sur- 
faces in float tubes. It is similar in external appearance to 
the Bailey Flume Meter. 


Bailey Registers measuring Sewage, Sludge 
and Air in an operating gallery at Easterly 
Sewage Treatment Works, Cleveland, Ohio, 
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Bailey Fluid Meter—The flow 
of steam, liquids and gases in 
pipe lines at high or low pres- 
sures can be accurately meas- 

















ured by the Bailey Fluid Meter. 
A Venturi Tube, flow nozzle, or 
orifice is used as the differential 
producing device and the meter 20% _ 
indicates, records and integrates OISPLACER 
on the standard Bailey Register OSPLACER 
previously described. Remote — 
recorders may be provided by Ane om 
Bailey Telemetering Systems { RESERVOR 
which operate electrically on eouuzne 
alternating current. VALVE 
HIGH 
In addition to the rate of cowmecron © 


Section through flow mechanism 


flow, this meter may also re- od die ler 


cord pressure, temperature or 
liquid level on the same chart. i 











——*i —— 
’ ; , ene | SUE Putt 
Described in bulletin Wo. CTL Print 


)) CONNECTION 


301-A. | 


Air Meters—These meters measure 
Air Flow in main lines and in in- 
dividual lines to aeration tanks. 


The register is similar in appear- 20% 
ance to the Ledoux bell type, and 
the flow mechanism is designed to | 
operate on a maximum differential | 
pressure of 88-in. of water. De- 
scribed in bulletin No. 301A. 

| 


Remote Registers — Bailey Tele 
metering Systems make it possible to LS 
operate remote indicating, recording 
or integrating registers, which may 
be installed at a distance from the 
direct connected unit. These regis- 
ters may measure flow in individual 
lines, total flow, liquid level, pres- 
sure and other factors. 


Venturi Tubes—Standard Bailey 
Designs include a complete range of 
Venturi Tubes and other prmiary 
elements suited to the measurement 
of sewage, sludge and water. The 
selection of a suitable primary ele- 
ment is governed by such factors as 
capacity required, type of flanges, 
pressure loss allowable and char- 
acter of fluid to be metered. 





Section through flow mecha- 
nism of Ledoux Bell type 
Register. 


Controllers—Bailey Controllers util- 
ize standard Bailey Meters and Re- 
corders as the basic measurement 
source for the automatic control of 
factors, such as flow, ratio, pressure 
and liquid level. They are operated 
by compressed air at approximately 
35 Ibs. pressure and match perfectly 
with other Bailey Gages and Regis- 
ters. 





Bailey control is fully automatic, 
dependable and exceptionally flex- Bailey Recorder— 
ible. Controller. 





= 20 
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HOURLY LOAD VARIATIONS IN RELATION TO SEWAGE 
eased TREATMENT PLANT OPERATION 


PLY | By ELSON T. KILLAM 


Consulting Engineer, New York City 


PRESSURE The wide variations in the hourly load arriving at sewage (3) Load variations from hour to hour are surprisingly uni- 
necTON | treatment plants, due to the combined effect of variations in form regardless of the size of the system or other factors which 
ED Leven sewage strength and in rate of sewage flow, have previously might normally be expected to create widely different conditions. 
heen discussed by the writer.” _ (4) Hourly distribution of load and variations therein have 
' Data then available were confined to two plants, both located important effects on plant efficiency and on operating procedure 
casing =| in Georgia. Investigations recently conducted on two systems with many types of treatment plants, particularly chemical 
| in New Jersey involving widely different conditions than those plants. These variables emphasize the desirability of providing 
om of the two systems originally described, indicate surprisingly for flexibility in design to allow variable operation. 
| similar load yerietions. ~~ - p * 
sts of 24-hour duration with frequent flow readings an ‘ — 
“tiny B... analysis of ——_ or suehet samples emphasize the Studying the Load Variations 
—. | following conditions in these four systems: , A convenient method of summarizing sewage load variations 
mg (1) A a ee of the total eh ae arrives at the ;, by means of cumulative load curves. To obtain data for such 
ae plant in a ee y short oy woe i can cons q 2 curve, samples should be collected throughout a full 24-hour 
cctoy (2) The hourly variations and per cent of the total daly load = jeriod, preferably at intervals of 15 minutes or %4 hour. These 


arriving at the plant in any given period are not markedly dif- samples should be proportionate to the flow and each group of 


ferent regardless of whether the load be expressed in terms of samples comprising a iad of ’ . 

Z peri of one or two hours’ duration 
| flow _ —— — expressed in terms of flow and  choud be separately analyzed. It is also essential to take flow 
R suspended solids content. measurements at frequent and coincident intervals. In this way 

















Puare : = 
RSS — a a the total pounds of suspended solids or B.O.D. arriving at the 
“Hour F y s ® 
NUT OFF Plant Operation”—WATER WORKS AND SEWERAGE; July, 1934; Plant during each hour of the day, may be ascertained. Cumu- 
£ pp. 237-240. lative load curves may then be constructed by selecting, first, 
D LEVER | 
LINK TABLE NO. 1—DATA RELATIVE TO CUMULATIVE LOAD CURVES 
Distance 
_ from 
Sampling 
toe Point to Method 
i Most Remote Flow Data 
i Curve Location Type of Average Estimated Point in Measure-_ Relative 
ty Num- of District Flow— Tributary Date of System— ments to 
LUG ber System Served M.G.D. Population Test Period Miles (*) Samples 
me | “A” DECATUR, GA. Strictly 0.167 2,200 4 p. m., Sat., Oct. 28 2.5 90 deg. V (a) 
(Shoal Creek Outlet Residential: to Notch 
| Sewer) Separate System 4p. m., —_. Oct. 29 Weir 
“B’ RAHWAY, N. J. Separate System: 1.84 23,000 3 p. m., Mon., July 23 71.8 90 deg. V (vw) 
(Rahway Valley Joint Residential, with to Notch 
Trunk Sewer for some Industries 3 p. m., Tues., July 24 Weir 
7 Municipalities) and some Business 1934 
Districts 
“C" ELIZABETH, N. J. Separate System: 14.19 228,000 2 p. m., Thur., Aug. 2 18.0 Venturi (b) 
(Elizabeth Valley Residential, with to Meter 
Joint Trunk Sewer some Industries 2 p. m., Fri., Aug. 3, 
for 12 Municipalities) and some Business 1934 
Districts 
“D" ATLANTA, GA. Combined 15.22 110,000 8 a. m., Fri., May 3 8.0 Recording (a) 
(Main Sewer System; to Gage at 
Entering Peachtree Residential, with 8 a. m., Sat., May 4, Station 
Creek Plant) some Industries 1933 Rated by 
and some Business Current 
Districts Meter 













* All Flow Readings at half-hour intervals. | Nis 
(a) Samples collected at half-hour intervals—each group of four composited and analyzed. 
(b) Samples collected at half-hour intervals—each group of two composited and analyzed. 











2.2 
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PERCENT OF TOTAL DALY 


PERCENT OF TOTAL DAILY. LOAD ARRIVING AT PLANT 


4 








OPERATING PERIOD (nouns oany) -"FiguRt L oan) “Toure Bi 


Fig. \—Cumulative Loads, Based on Floc and Suspended Solids 






ig. 2—Cumulative Loads Based on Flow and 5-Day Oxygen 
Demand 
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the hour at maximum load, and subsequently taking each con- 
secutive hourly load in order of descending magnitude, and plot- 
ting of 24-hour curve. Loads expressed in terms of flow and 
suspended solids content, or flow and B.O.D. content, or both, 
may be used for the study. 

Typical examples of such curves, showing data for the four 
system investigated, are shown in Figures 1 and 2, the former 
being based on load determined by suspended solids content and 
flow, and the later upon B.O.D. and flow. 

Statistics, showing the type of system, average daily flow, 
tributary population, and other information, for the four systems 
investigated, are shown on Table 1. 


Similarity in Load Variations 


In view of substantial differences in type and size of the four 
systems referred to in Table 1, the relatively small difference in 
the load developed in any given number of hours in each of the 
systems, is of especial interest. 

The Decatur (Ga.) system, for instance, involved a sewage 
flow of only 0.16 m.g.d. with a population of only 2,200 people in 
a strictly residential area, and with the most remote point in 
the area served only 2% miles from the point of sampling on 
the trunk sewer. 





THE DETERMINATION OF SETTLEABLE SEWAGE SOLIDS _ 


On the other hand, the Elizabeth Valley System involved a 


total flow of 14.19 m.g.d. from a tributary syste set 
several hundred miles of sewers serving 228,000 people. Remit 
portions of the system are at least 18 miles distant from th 
point at which flow measurement and samples were taken ‘ 
lt might well have been expected that in such an extensj 
system as the latter, the variations would be smoothed out and 
greatly reduced in magnitude before the sampling point wa 
reached by the passing flow. Comparison of all four curves, 
however, indicates that in no instance, within a fixed number of 
hours of operation, does the total cumulative load arriving at the 
plant vary by more than 13 per cent. Examination of the curves 
also discloses that the distribution of the load, based on suspended 
solids, agrees very closely with the load based on 5-day B.O.D 


What It Means 


The similarity of these curves indicates that load variations in 
substantial proportions may be expected on every sewerage sys- 
tem. These variations and their effects are accordingly impor- 
tant in the design and operation of sewage treatment plants, jn 
the measurement and evaluation of treatment plant efficiency: 
and, in the collection of river samples below sewer outlets during 
investigations of the pollution of receiving streams. 





$<. 





BY WEIGHT* 


By A. J. FISCHER 
Development Engineer 


The Dorr Co., New York City 


IFFICULTIES in the determination of suspended solids by 

the Gooch crucible method and possible sources of sampling 
errors in the method have been noted before “ * ” and a method 
has been proposed for the determination of settling solids by 
weight “**”, However, there appear to be several disadvantages 
with this method and it has not found favor in sewage lahbora- 
tories. Consequently, there still is a need for a satisfactory 
method of determining settleable solids, particularly as they apply 
in flocculation studies and in the evaluation of settling tank 
operation 

A technique suggested by Fisher and Hillman® involved the use 
of a 10-in. by 6-in. flocculator jar filled with sewage to a Gepth 
of about 4% inches. Approximately 250 ml. of supernatant liquor 
were siphoned off at a depth of 1 inch after a period of one hour 
of quiescent settling. Suspended solids were determined 2n this 
sample by the Gooch crucible method. 

The fact that the samples were taken 1 inch below the surface 
(chiefly to avoid disturbance of settled solids) does not pre- 
suppose that the dispersion density of the solids remaining in the 
liquid is constant from top to bottom. The effect of taking off 
the sample at this point is merely to reduce the overflow rate 
used. For example, the 1 inch depth sample gives a 1 inch per 
hour overflow rate (15 gal. per sq. ft. per 24 hrs.). If the sam- 
ple were taken off at a 2 inch depth, the overflow rate would be 
double and one would expect more solids in suspension at this 
point. 

A similar method was used by the Bird Island Laboratory of 
the Buffalo Sewer Authority from 1938 to 1941. The technique 
consisted of adding 1100 ml. of sewage to a one liter graduated 
cylinder. After quiescent settling for a period of one hour, 800 
ml. of the supernatant liquor were siphoned off in such a manner 
that the top layer of 100 ml. and bottom layer of 200 ml. were not 
disturbed. Suspended solids were determined on an aliquot portion 
of this withdrawn supernatant liquor by the Gooch Crucible 
method. 

Other variations in technique are used or have been suggested 
elsewhere, but there are objections to all of these methods. 

1. Obviously, the determination is of non-settleable solids and 
to obtain settleable solids requires the determination of sus- 
pended solids and the calculation of settleable solids by dif- 
ference between suspended solids and non-settleable solids. 

2. In a tall cylindrical graduate there is a certain amount of 
flocculation or precipitation of solid particles on the glass 
surface. 

3. Flocculator jars size requires a larger volume of sample 
than is usually available in a composite sample of the aver- 
age treatment plant. 

4. Determinations depending on the Gooch test for suspended 
solids are open to the sampling errors involved in the Gooch 
test. 


*Proposed for Standard Methods of Water and Sewage An- 
alyses and accepted for 9th Edition. 
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and 


GEORGE E. SYMONS 
Associate Editor 
Water & Sewage Works, New York City 


In an effort to minimize some of the disadvantages, and to 
arrive at a technique which, though admittedly partly empirical, 
offers practical possibilities, the authors agreed in 1941 upon the 
following procedure used since in Buffalo. The technique, by its 
very nature, defines settleable solids as that matter which will not 
stay in suspension during the settling period. 


Procedure 


(1) Determine the suspended solids in a sample of the sewage 
under investigation. 


(2) Pour a well mixed sewage sample into a glass vessel not 
less than 3%4in. in diameter, using a quantity of sample not less 
than 1 liter but preferably sufficient to insure a depth of 8 in. 
(The use of greater glass vessel diameters and larger volumes 
of sample, if available, may be desired to eliminate the possibility 
of disturbance of settled solids during the withdrawal of the por- 
tion for determination of non-settling solids. This difficulty may 
be alrtnost entirely obviated through the use of a U-tube attach- 
ment on the intake end of the pipette or siphon used for the 
removal. ) 

(3) Allow to stand quiescent for one hour. Use of the theo- 
retical detention period of the plant settling units is permissible 
if desired. 

(4) Without disturbing the settled material or that which may 
be floating, remove 250 ml. of the sample from the center of the 
container at a point half way between the surface of the settled 
solids and the liquid surface. 

(5) Determine the suspended solids in p.p.m. in all or in an 
aliquot portion of this supernatant liquor in accordance with 
standard procedures. The result is, of course, p.p.m. non-settling 
solids. 

(6) Subtract this value from the total suspended solids in 
p.p.m. to obtain p.p.m. by weight of settleable solids. 

It is believed that the results from this method more nearly 
represent the actual amount of suspended matter which is settle- 
able under quiescent conditions, and that with this technique re- 
sults obtained on the ratio of plant to laboratory removals will be 
more consistent as a measure of clarification efficiency. 
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IMPROVING THE OPERATION OF A SMALL TREATMENT PLANT 


Wherein Inexpensive Contrivances Have Played an Important Part 


By C. G. WEBER 
Superintendent 
Sewage Treatment Works, Annapolis, Maryland 


TH Sewage Treatment Works, of Annapolis, having a ca- 
pacity of 3 M.G.D., was placed in operation on September 
4. 1936. The treatment consists of coarse screening, pre-chlorina- 
tion and primary sedimentation with separate sludge digestion in 
heated fixed cover digesters. The sludge is dewatered on vacuum 
filters. ; ; 

The sewage flows by gravity to a pumping station where it 
receives pre-chlorination. It is then pumped through a force 
main to the treatment works about one mile from the pumping 
er he treatment works consists of two 150,000 gallon clarifiers, 
provided with sludge removal and grease skimming mechanisms ; 
two 180,000 gallon fixed cover sludge digesters, provided with 
gas collection and heating coil systems; a vacuum sludge filter- 
ing system; and a fully equipped control laboratory. 


Chlorination Improvements 


Chlorine was originally applied to the raw sewage at a man- 
hole on the interceptor 25 feet ahead of the pumping station and 
into two 10,000 gallon wet wells (Fig. 1). With this arrange- 
ment there was considerable loss of chlorine which was not ab- 
sorbed by the sewage. Chlorine permeated the shredder room 
and other parts of the pumping station causing considerable dam- 
age to metal parts. Applications of chlorine at the rate of 20 
p.p.m. seldom produced chlorine residuals in the clarifier effluents 
and residuals in the influent reaching the plant were not at all 
uniform. Furthermore, there was rapid accumulation of sewage 
solids in the center of each wet well which increased the chlorine 
demand as it accumulated. Several feet of solids would accumu- 
late in two or three days. 

To overcome these difficulties the chlorine solution was piped 
to the wet wells and applied behind a deflector placed in the wells 
as shown in Fig. 1. By thus changing the direction of flow of 
the sewage through the wells the solids were prevented from 
accumulating. Chlorine, applied as shown at the baffle, was thor- 
ouhgly mixed with the sewage and uniform residuals appeared 
at the treatment plant, with chlorine dosages of 15 p.p.m. Where- 
as, formerly there was little or no correlation between chlorine 
applied and chlorine residuals, complete 
correlation now exists and chlorine gas is 


installed a steel dam, which made a very satisfactory grit trap 
(Fig. 2). The accumulated grit is removed daily, and for the 
past two years we have had no grit trouble. 


Sludge Pumping 


The withdrawal of raw sludge from the clarifiers was through 
two telescopic valves, into a sludge well. From the well the 
sludge was pumped to the digesters. Since the well was open to 
the air there were numerous complaints of odors therefrom dur- 
ing its use. Furthermore this method of removal required about 
six hours. 


To eliminate these difficulties we removed the valves and 
piping and connected directly to the sludge pump suction lines, 
and we measure the pumpage in minutes. A gage, installed in 
the laboratory, indicates when the sludge is thick or too thin for 
further pumping. 


Sludge Disposal 


For disposal of the digested sludge the plant was equipped 
with a sludge storage tank 11’ 6” long by 9’ 6” wide and 10’ 
deep, inside dimensions. The available storage space was about 
900 cubic feet. The sludge from this tank was pumped to a 
conditioning or ferric mixing tank, equipped with air diffusers 
for mixing the sludge with lime and ferric chloride. Lime was 
added from a lime feeder and ferric chloride was fed frem an 
Omega Solution Feeder. The conditioned sludge then flowed to 
an Oliver Vacuum Filter having 65 sq. ft. filter area. 


Chemical Requirements 


For the first year of operations (1937), we used on a dry 
sludge solids basis 7.7% ferric chloride and 21% lime. As our 
anhydrous ferric chloride then cost $3.62 per: hundred and lime 
cost 55 cents per hundred, our cost of chemicals per ton of 
sludge solids was $7.88. 

We soon found that lime caused rapid cloth binding. After 
dewatering about 12 tons of dry sludge solids the filter cloth had 





no longer noticeable in the pumping station. 

There are two W & T vacuum type auto- 
matic chlorinators, the water supply for 
which is obtained from the Severn River. 
When the temperature of the water drops 
to 47° F. the formation of chlorine hydrate 
has created considerable operating difficulty. 


NEW POINT OF CHLORINATION 


OLD POINT OF CHLORINATION 


| IN MANHOLE 25 FEET AHEAD 








A 1,000 watt heater placed inside the 
chlorinator was helpful but not entirely 











satisfactory and very expensive to operate. 

A hot water coil installed in the recircu- 
lating line of our hot water boiler, worked 
perfectly. During the past winter water 
pumped from directly under the ice was 
used without any difficulty. 


Improvised Grit Chamber 


DEFLECTOR 











The sewage treatment plant is not pro- 








vided with a grit chamber. As a result the 








digester and clarifier pipes became choked 
with grit, making it very difficult to with- 
draw a sludge from either-unit. At one 
cleaning about 6 tons of grit was removed 






































from the clarifiers. Grit also accumulated 














rapidly in the digester. The Annapolis sys- 
tem is one of those assumedly separate do- 
mestic systems. 

_At the influent of the plant there is a 
diversion chamber provided with a swing 
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gate. Immediately in front of this gate I 


——— 
°A aper presented before the 15th An- 
aval eeting of the Maryland-Delaware 
ater and Sewage Works Association. 


Fig. 1\—Twin Pump Suction Wells 


Before and After Installing Baffle, Which Prevents Sludge Accumulations and 


Chlorine Loss. 
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to be acid washed. This represented about 51 hours of actual 
filter service per cloth dressing. 

In 1938 we substituted a mechanical stirrer in our conditioning 
tank in place of the air mixing method, and found that without 
any lime at all we could get good filtration when using 7.3% 
ferric chloride. This method increased our filter cloth life by 
200%. That is we dewatered 36 tons of sludge solids, or got 
about 153 hours of actual service out of each filter dressing. This 
development reduced the cost of our chemicals per ton of digested 
solids to about $5.29 per ton of digested solids, a saving of $2.59 
(33%). Added to this was the saving in filter cloth costs. 

In 1939 we managed to get the ferric chloride consumption 
down to 4.6%. However, about half of the sludge filtered was 
partially elutriated, as, with permission of Mr. A. L. Genter of 
Baltimore (owner of elutriation patents), we started experiment- 
ing with sludge elutriation in our sludge storage tank during 1939. 
















Elutriation Experiences 


Our first trials with partial elutriation showed such definite 
savings in chemicals, labor power and filter cloth that we ar- 
ranged to change over to a better method of elutriating, and of 
dosing the elutriated sludge with coagulant ; 
also a simpler and more direct method of 


full. After the solids have settled out, the clear supernatant 
syphoned off by means of a 4-inch swivel overflow drain, This 
supernatant flows to the plant sump and is pumped back to the 






primary clarifier. The settled washed sludge is pumped to the fi 


conditioning tank, which will be described later. 

_ In Fig. 3 is pictured the simple arrangement adopted for pum 
ing elutriating water from the overflow trough of the pri 4 
Dorr clarifier through the window of the filter building t 
“washer tank” on top of the elutriation tank. 


Results 


At present we are dewatering elutriated sludge with about 
1.7% ferric chloride and no lime. The price of ferric chloride 
has advanced from $3.62 per hundred in 1937 to $4.98 per hyp. 
dred at present, or almost 38% increase. Despite this fact oy 


present cost for ferric chloride per ton of sludge solids is hy F 


$1.69, which is $6.19 (78.5%) less per ton of sludge solids thay 
in 1937 and $3.60 (68%) less per ton than in 1938. 
To be entirely fair to our present elutriation results, if yj 





were now paying the price of $3.62 per hundred for ferri: | 
chloride like in 1938, our present cost per ton of sludge solids | 





feeding the dosed sludge to the Oliver 





















and water mixing trough and swivel pipe 
for syphoning off the clear wash water or 
elutriate, after allowing the washed solids 


alum solutions that we could do away with : : 

the mechanical stirring. : BE 
Changing the bottom of the sludge stor- +” 

age tank and equipping it with a sludge iC 


Moe 





Pier, rue ioe ae Settled Sewage to 
first of a is necessitated placing a gasegrregeesseseszee nagronsvoceecnonseenntnmuesssnnneseceanensenypascnccnecs Selees 
sloping concrete bottom in the existing Fo Se Se wa : : Chebriate 
sludge storage tank for elutriation purposes : Paka orate ye 202eve er Cyt : 

Without this bottom experiments had iC. . u Sludge Washing Trough : 

proved that we couldn’t obtain at all times 3% : 

a sludge of uniform solid content from the : ; .. Cls From : Washed Sludge 
flat bottomed tank for a complete filter oe — eeder fi = 

run. I also found that the elutriated sludge ; Elutriation Tank Conditioning Tank 


-oagulated so easily with ferric chloride o iN. f 
coagulated so easily with ferric chloride or G 650 cu.ft. aire ateasinietsinaits 4 Sogal Drum 















Sludge from 
Digestion 

















from this treatment with our very limited 
means. We tried elutriating with well 
water, brackish bay water and settled sew 
age from the Dorr Clarifier. The latter 


to settle out, reduced the available elutria- a f 

tion settling space to about 650 cubic feet. 2 Pd . 23 

However, this did not handicap our opera- ‘teogeGrocceet * oemeneseetnnensonses D - 

tions, but greatly improved our economies. we enPhenallay 
to filter 

Settled Sewage Proves Best Clear Elutriate to PLAN Fy 

For the last six months I have been ex- Sump and Primary 
perimenting with elutriation and making Settlin Hand wheel for—- Settled S 
various changes to get the best economies g Telescopic Valve ett ewage 












to Elutriation 
50 gal. Drum —__ 
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Contnntont Telescopic Valve 
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proved the most effective and least costly — 
source of elutriate water for our sludge. x Water & Sludae Mixina Tr a 
The brackish bay water, nearest our plant, a nal ge Muning rough justment 
actually produced a wetter cake and re- - SG : 
quired slightly more ferric chloride. This | 3 mara felon F (ON Tofilter 
was somewhat contrary to expectations. LL ; | ae TE 
= § ceneccosososasescssocoossoosscaosnosssoneneseseseeeeeeeoee : : 3 

Arrangements 2 8 ee ee i TRY 

Our present set-up for elutriating and Le § ceceeeeerereeeeeraeseseeseeeeeeee sees eeeeseseressssesees ens y egrreteeeeeeee : i 
conditioning the digested sludge is shown ir ; 
in Fig. 2. aah Be i tn : FRO @ 

One of the telescopic sludge valves re- : Elutriate Supernatant ne a 
moved from the raw sludge well was placed : a” 42” Swivel Overflow : SI f 
in a 50 gallon steel drum on top of the ; FS as Drain : rom 
sludge elutriation tank. When this valve : we Digestion Tan 
is properly set by the hand-wheel there is 
just enough gravity head from the - 
tion tank to feed a steady stream of di- Sereeeeccoseseneeg 
gested sludge into the drum. Settled sew- Ss Washed Sludge 
age is pumped into the same drum, mixing : $ to Conditioning 
with the digested sludge. The mixture by i Tank & Filter 
then overflows a vertical pipe standing in : | . 
the open drum and flows to the elutriation : j 
settling tank through a manhole on top of ee. ceeeettis : + 
this tank. As the drawings show, the + At IN ESOT Te 
sludge and water are thoroughly mixed in LEVATION hodonen “a 
a trough located in the top of the settling ee ‘Gx 
tank. The trough is equipped with baffles Fig. 2—Sludge Elutriation Arrangement 
staggered at an angle. The mixture then Sludge Storage Tank Converted Into Elutriator, Employing Settled Sewage as the 
flows into the tank, until it is practically Elutriating Water. Note Adjustable Mixing Tank at Top. 
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dewatered for ferric chloride would be $1.23 and the savings per 
ton of sludge solids dewatered would be $6.65, or 84.5% less 
than in 1937; and $4.06, or almost 77% less than in 1938. 

However, with elutriated sludge at Annapolis there are other 
means of cutting chemical cost. We have made very successful 
filter runs on elutriated sludge when using commercial alum 
from our water treatment plant. Compared to anhydrous ferric- 
chloride, about three times as much commercial alum is required 
and the price of alum vs. ferric-chloride will determine the 
material to be used in the future. We tried alum on unelutriated 
sludge and found it unsatisfactory, as the conditioned sludge was 
dificult to filter and required much larger doses. 


Other Savings 

The savings in chemical costs are only a part of the story of 
elutriation economy. Our filter yields at this low chemical addi- 
tion are from 8 to 10 pounds per square foot per hour and our 
filtering time, labor and electric current consumption has been 
cut in half. During 1939 when about half of our sludge was 
elutriated our filter blanket lasted for 123 tons of cake or over 
520 hours of active service. We now hope to get 300 tons or 
about 1,200 hours of service out of a blanket costing about $27. 


Sludge Mixing Arrangement 


The details of our present sludge conditioning tank are shown 
in Fig. 4. This tank was made out of a 50-gallon oil drum and 
has no mechanical stirrer or air diffuser, so power for this pur- 
pose has been eliminated. By properly jetting the small stream 
of ferric chloride from the Omega Feeder into the inflowing 
stream of washed sludge, the sludge and ferric chloride or alum 
solution are thoroughly mixed. This is done by the agitation 
resulting from the inflowing sludge stream falling into the pool 
of sludge in the bottom of the small tank or drum. This pool is 
about seven inches deep and the inflowing stream displaces an 
equivalent amount out of the drum through a vertical pipe nipple 
overflow. This nipple can be lifted out of the drum at the end of 
filter runs so all of the conditioned sludge will be drained from 
the system to the filter. 

With elutriated sludge this intimate flash mixing produces an 
excellent floc almost instantly. The conditioned sludge displaced 
from the drum flows downward through a feed pipe, through 
the end of the Oliver Filter tank to the center point without any 


delay. In other words the feed pipe is not the usual inverted 
syphon. We found that the inverted syphon was very unsatis- 
factory. Furthermore, feeding the sludge directly into one end 


of the filter resulted in good cake on half of the filter nearest 





Fig. 3—Portable Homelite Pump 
Delivers Settled Sewage to the Mixing “Washer Tank” (Fig. 3) 
at a Cost of 13c per Day. 


the sludge inlet and poor cake on the other end of the drum. So 
we extended the pipe to the center. 

In operating elutriation and filtration our sét-up does not per- 
mit withdrawing clear elutriate while we are washing sludge 
because our settling tank is too small. However, as we filter 
sludge but two or three times every week, we draw the sludge 
from digester and wash it during the day preceding filtration. 
We then let the sludge settle over night, which produces a very 
clear elutriate and thick sludge. We syphon the elutriate off 
on the following morning and pump the settled washed sludge to 




















Stunee Conoirionine TANK 





























Fig. 4—Simple Sludge Conditioning Tank 


From a 50-Gal. Oil Drum This Effective Mixing Unit Was Constructed. Seems to 
Be All That’s Required for Elutriated Sludge. 


Fig. 5—Filter Cake 
This 4%” Cake (8 to 10 lbs. dry solids/sq. 
ft./hr.) is Characteristic of Present Opera- 
tions. 
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sludge conditioning and the filter. We generally use about four 
voulmes of elutriating water (settled sewage) to one volume of 
sludge. We filter about 2,200 pounds of sludge solids during one 
filter run and take about 3 hours to complete the run. Ordinarily 
we filter about 156 days every year, or three times a week. 

Fig. 5 shows the filter cake now obtained from the elutriated 
sludge. Four cake thicknesses measure three inches, meaning the 
cake is about 34” thick. 


"Annapolis" Sludge Weigh-Recorder 


Previous to the use of elutriation we had estimated the sludge 
solids dewatered by sampling the sludge collected in the storage 
tank and then measuring the cubic feet and pounds of sludge 
withdrawn from the tank by any filter run. When elutriation 
was adopted this method was not practical. I then devised an 
automatic self-dumping and recording sludge scale, shown in 
Figs. 6 and 7. The first is a sketch of this device. As can be 


to the conveyor frame, is attached by a rod and spring to the 
weighted arm which closes the box bottom after each load is 
dumped into the truck below the box. The cake is sampled for 
moisture and solids determinations and by multiplying the num. 
ber of cake dumps recorded on the counter by the weight of 
each dump and the percent solids present, the dry pounds of Cake 
solids per run are easily obtained. The photograph (Fig. 7) 
shows this inexpensive and accurate device with the hinged door 
open above the plant truck. 


Much for Little 


All of the ideas, changes and labor relating to the foregoing 
changes in our treatment system were supplied by myself and 
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Fig. 6—“Annapolis” Automatic Sludge-W eigh-Recorder 
ing Us a Record of 
Sludge Weight and Dumps Automatically—See Fig. 7 


Just a Home Made “Gadget,” but It Does a Good Job of Giv 


seen this is controlled by adjustable weights, and the whole is 
attached to the supporting frame of the filter cake belt conveyor 
At present this dumping scale is set, by the “adjusting weight” 
on the arm locking into the spring bolt, to release the hinged 
bottom door when exactly 33.3 pounds of sludge cake has 
accumulated in the scale box from the belt conveyor. The scale 
is frequently checked by diverting a dumped load to a pan on an 
ordinary beam scale. An ordinary revolution counter, fastened 





Fig. 7—The Self Dumping Weight- 
Recorder 
Has Just Released Its Load of 33.3 Ibs. of 
Filter Cake Into Truck—See Fig. 6. 


others of the operating force. The cost of the materials and 
structural changes involved in elutriation, new sludge condition- 
ing method and filter feeding and cake weighing amounted to 
less than fifty dollars. 

The cost of pumping clarifier overflow (settled sewage), for 
elutriation with the little Homelite Portable Pump is very little, 
namely 13 cents per day of operation. This cost is more than 
offset by our saving in power for filtration. ° 








Decimal Equivalents 
of 8ths, 16ths, 32ds, and 64ths of an Inch 





' 

8ths | %e = .5625 "= 
% = .125 Me = .6875 | 1%, = 
4 = .250 1, = 81295 | 2, = 
3% = 375 1, = 9375 | 2, 
4 = .500 | 2/5 = 
% = 625 $2ds | /, = 
34 = .750 Ma = .63125 | 2%. a 
Y= 875 Me = .09375 ow 

So = .15625 

16ths Ye = .21875 g 
“Us = 0625 90 = .28125 My = 
Me = 1875 Mo = 34375 %, = 
Me = 3125 | 1%, = 40625 ws 
ie = .4375 160 = .46875 a 








53125 | % = .140625 3%, = .578125 

59375 1%, = .171875 3%, = .609375 

65625 | 1346, = .203125 4%, = .640625 

71875 64 = .234375 3, = .671875 

78125 64 = .265625 456, = .703125 

84375 1%, = .296875 | %, = .734375 
.90625 216, = .828125 4%, = .765625 
96875 2%, = .359375 | 54, = .796875 
2f4 = .390625 } 5364 = .828125 

4ths i, = 421875 5%, = .859375 
015625 2%, = .453125 54%. = .890625 
.046875 34, = .484375 6%, =..921875 
078125 336, = .515625 6%, = .953125 
.109875 34, = .546875 63, = .984375 
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By ROBT. C. URBAN 


A LUBRICATION CHECK SHEET 


San. Engr., Corps of Engrs., War Department 


HE Lubrication Check Sheet shown 
tae will be of help in normal times 


of operation as well as when adverse condi- 


ions vail. , 
gy three steps in setting up a 
lubrication check sheet. 

1. Locate every piece of equipment need- 
ing grease or oil as a lubricant or as pro- 
tection. 

2. Study the manufactusers maintenance 
instructions to determine where and when 
to lubricate and what kind of lubricant to 
use. Inasmuch as many manufacturers have 


particular preferences in the matter of 
lubricants, this may lead to a large num- 
ber of different types of lubricants and 
as Many grease guns. 

It may be much simpler to call in a 
lubrication engineer from any of the recog- 
nized oil companies and have him prepare 
a lubrication specification sheet for every 
point of lubrication you have listed. 

In this way it may be possible to cut 
down on the number of oils and greases 
that will have to be stocked. As few as 
two oils and two greases may suffice. 


« 


3. Prepare the Lubrication Check Sheet 
following the general idea of the accom- 
panying illustration. List all of the units 
needing lubrication, the necessary lubrica- 
tion points, the type of lubricant recom- 
mended for each point. Allow space for 
date of lubrication and initials of operator 
performing the job. 

There is no doubt that the Lubrication 
Check Sheet will become more and more im- 
portant to the proper maintenance of oper- 
ating equipment. 






















































































































































































































































































































































































— SHEET 
MASTER LUBRICATION CHECK 
1s45 
GREASE 3 "HEAVY" - xX CO. NO. 2 HEAVY OUTY OIL: “20"-X CO. NO.341 S.A.E. 20 
“CuUP"- X CO NO.3i CUP GREASE "90"-X CO. GEAR OIL 90 
UNIT eee =T esen comease (ZN [FEB MAR/APR MAY /SUN | TUL |Aus |SEP |ocT |NOV/DEC 
SEWAGE PUMP HOUSE Ml ZA ZAEAEZEAPAEAZEACZeZeAee 
SEWAGE MOTORS(2)BEARINGS| PIN RealG| "HEAVY' <a |2= sea eA eA Ase Ze 
SEWAGE PUMPS (@)BEARINGS| PIN  [2ealG] “HEAVY [|| FZ _ fe ee ee <= 
GREASE SEALS Ce) eG S [Leal "CUP" — F—}—} cHECh DAILY & ADD AS REQUIRED = a ee 
| VACUUM MOTOR BEARINGS [ PIN |e [el "HEAVY™ =| OE ee ee ee eee 
VACUUM PUMP | Fee 1 |O} SAE.10 | --—} CHECK DAILY & ADD AS REQUIRED: 5 
FLOAT RODS (2) "SURFACE fica [0 "20" w PRK [in | | ; ‘ ma 3 ‘ 
SCREENINGS GRINDER AeA ee es Be ee 4 ee 
GEAR REDUCER PLUG 1 fof ‘eo ed 8 as a ae Sd Ss ee Be Bie 
=o “) PLUG 1 jo; “Ro" CHECK WEEKLY GAUD AS REQUIRED- SEE WEEKLY CHECK SHEET 
[LOWER SHAFT BEARING PUSH |i |G] "HEAVY" -F— J “TWELWE STROKES DAILY — fF 
l MOTOR BEARING PIN 1 |G] “HEAVY [27m lolol PAPA er ZZ Zaz ZIEZ 
SLUOGE COLLECTOR |e Ie ee eee Zl am st 
GEAR REDUCER PLUG 1 |o *90" ee eel ele a a ea 
(« «) PLUG 1 |O "90" CHECK WEEKLY & ADD AS REQUIRED - SEE WEEKLY CHECK SHEET 
SPROCKET BEARING PUSH 1 [6{ “cup* GREASE WEEKLY — SEE WEEKLY CHECK SHEET 
MOTOR. BEARING PLUG 1 1G] eescan lete (Oe | eee Zs a 
SLUDGE PUMP ZA-eA4e4e4 e424 Z4eAe ZAZA Ze 
MOTOR BEARINGS PUSH | 2 |G| “HEAVY” Jee] 2>o7 2 Ze ee ee ig aie we 
MAIN BEARINGS PUSH 4% IG] “HEAVY” farm 1/4 |e. b- 7 
| ECCENTRIC BEARING FEED 1 {O "20" = CHECK DAILY &ADDCAS REQUIREDO- + 
CROSS HEAD BEARING "SURFACE"| 1 /O "20" | ——_} CHECK DAILY AND KEEP PIN COVERED]——}-—-+y 
GEAR REDUCER PLUG 1 [o nl me 
aoa “) ~ PLUG | 1 [0] "SO" — [CHE¢K WEEKLY @A0D AS REQUIRED- SEE WEEKLY CHECK SHEET 
~ CONNECTING ROD weet Ti ile] ‘cor’ -— GIVE SLIGHT TURN DAILY —}— ae 
TRICKLING FILTER me ie APD cig, Ges. we COL OL OM. 
BEARINGS PIN 5 |G “Cur orm [AN | x20. |, a _ » ' 
ROTARY VENTILATORS (3) ee rt oo p e E —— Aj= 
TOP BEARING “Cup” [iealG “cuP* Lonel - de he 
BOTTOM BEARING “Cur” [ten JG! “Meg fd - ; <2 =< : Saale 
HOT WATER CIRCULATORS (2) FA ee ees Pig at ee BO, ee - 
MOTOR BEARING cue  |2ealo "20" PAK |x@ | m_|oF be 
| SHAFT BEARING OREEEY [i ale PME  P MK |or Lon L : 
FLOATING COVER. ZAZA eA? eee | ; +4 
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OPERATING LOG FOR A SMALL SEWAGE PLANT 


By A. A. HIRSCH 


State Department of Education 
Baton Rouge, Louisiana 


HE desirability of complete record keeping about a sewage 

plant is generally recognized, but operating logs are often so 
bulky, and time consuming to attend, that operators frequently 
regard them with disfavor. A properly planned log should con- 
tain only pertinent and useful data; its form should be stream- 
lined to expedite the recording of necessary figures. Excessive 
use of columns to record other than regularly recurrent data 
should be avoided. Aid should be included for easy reference to 
records of previous periods. 


The application of these principles to the design of a daily 
operating report for a small plant providing primary settling in 
an Imhoff Tank and secondary trickling filter treatment is illus- 
trated in the accompanying drawing. Obviously, the information 
carried and form best adapted will vary with the size and type 
of plant; however, the essential points as enumerated below can 
always be employed to advantage. In the illustrated log will be 
noted columns for customary daily data; a sheet covers a month’s 
operation. As in many plants, the blanks are printed in different 
colors for duplicates or triplicates, with stiff cover binding. 
Groups of related data are separated by heavy vertical ruling; 
every fifth date line is also drawn heavy to facilitate space loca- 
tion. The column headings are all self explanatory, excepting 
the codes, which will be discussed below. Mechanical and opera- 
tional data are segregated from the chemical test results. Cus- 
tomary rulings appear at the bottom of the sheet for the monthly 
summary. liberal width is reserved in the remarks column for 
infrequent details or a condensed diary. Additional notes of this 
character can be written on the back of the sheet with proper 
reference on the corresponding date line. The extra column, 
preceding the “Remarks” column (now blank), is provided for 
possible future need. 


Distinctive Features 


It is to the following five features, some of them unique, that 
attention is specifically directed: 

1. Sice of Sheet. The sheet measures 11 by 1654 inches. This 
is a convenient size, its length being the same as that of an 
ordinary letter size typewriter sheet, while its width is slightly 
less than double a letter sheet. Records detached from the blank 


book may be folded slightly beyond the middle to fit a file folder 
exactly as would a letter. Using the same crease, the left margin 
extends out as a single thickness almost the full ruled width 
thereby permitting perforation to fit ordinary size looseleaf 
binders. 


2. Double Date Column. Date columns are printed at both 
sides of the tabulated data in order to locate particular date 
spaces by easy glances and with less chance for error. 


3. Coding. All routine descriptive remarks are keyed to con. 
dense this information. The identity and sequence of units jp 
service are recorded by code in the proper column. Points of 
chlorine application are denoted by a key letter placed behind the 
total quantity used. A suitable legend explaining the code js 
placed off to the right of the sheet so that the information wil] 
always be intelligible. By way of example, the notation in the 
units in use column T2E-R1-F2 would signify on that date 
Imhoff tank No. 2 flowed eastward and rotary filter No. 1 with 
final settling tank No. 2 were in service. In the chlorine quan- 
tity per day column the data 5.5-EF would mean that this weight 
of chlorine, in pounds, was being divided between the Imhof 
effluent and the final settling tank. 


4. Occasional Information Boxed Separately. Infrequent data 
are posted in a side space to conserve room in the main taubula- 
tions, where this type of information would be difficult to locate. 
A special tabulation is made to the right of the sheet to record 
sludge drawoffs. Service connections also are displayed in an 
individual box. 


5. Marginal Indexing. Marginal tabs for quick location of 
past records in bound volumes of monthly sheets is provided by 
printing the edge of the sheet with names of the months. In use, 
all other names except for the month concerned are cut off. If 
the sheet is folded during filing, the operator may print the name 
of the month on the reverse of the tab also. 


A log of this type is presently giving satisfaction at the Rayne, 
La., disposal plant, where Mr. E. J. Bertrand is superintendent, 
and Mr. Pat Spell, operator. With functionally arranged sheets, 
record keeping is expedited and the value of previous logs for 
reference is enhanced. 
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NOZZLE REPLACEMENT ON TRICKLING FILTERS 


By ROY S. LANPHEAR 


Worcester, Mass. 


F LUSHING of the lateral distributors of the trickling filters at Worcester is done 
once each week by removing the end nozzle in each line (several at a time), and 
allowing the dosing tank siphons to operate once or twice. The threads in the pipe 
openings, into which the nozzles were screwed, were destroyed after a few months of 
Cast iron pipe, brass nozzles and a sewage containing strong 
acid and alkaline industrial waste liquors were also factors in such destruction. 
Saddles, with washers and U-bolts, were first used. When the threads in a saddle 
This operation proved successful and was used 
Additional purchases indicated that while the method was a success, 
the expense was quite an item in the cost of filter operation. Apparently galvanic cor- 


this routine operation. 


gave out, a new saddle was installed. 


for some time. 


rosion was at the root of the thread wearing difficulty. 


A later improvement was the use of a 2!4x2-inch brass bushing in the saddle open- 
This left the contact of the iron and brass threads undisturbed when removing 
No difficulty is now experienced and saddles with the bushings have been 
‘In lots of 200 the cost of the saddles, strap-type U-bolts, and 


ing. 
the nozzles. 
in use since May 1937. 
bushings, was 84, 58%4 and 47 cents each, respectively. 
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The accompanying cut shows the several component parts of the successful assembly. 
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THE JEFFREY MANUFACTURING COMPANY 


BALTIMORE 2, MD., Munsey Bldg. 
BIRMINGHAM 3, 2210 Third Ave., N. 
BOSTON 16, 38 Newbury Street 
BUFFALO 2. Jackson Building 
CHICAGO |, Bell Bldg. 
CINCINNATI 2, Carew Tower 
CLEVELAND 13, Rockefeller Bldg. 


ESTABLISHED 1877 


996-99 North Fourth Street, Columbus 16, Ohio 


DENVER 2, Ernest & Cranmer Bidg. 
DETROIT 13, 5808 _ Jean Ave. 


HOUSTON 5, TEXAS, 3748 Rice Blvd. 

HUNTINGTON 19, W. VA 
Robson-Prichard Building 

JACKSONVILLE, Florida 


Jeffrey Mfg. Co. Ltd. of Canada: Head Office, Montreal; 


Branch Offices, Toronto, Hamilton, Calgary, Vancouver 


a 


MILWAUKEE 2, 735 No. Water Stree 
NEW YORK 7, 30 Church Street 
PHILADELPHIA 3, Broad St. Station Bldg, 
PITTSBURGH 22, Oliver Bid 

SALT LAKE CITY |, 101 W. Ind South § 
ST. LOUIS 3, 3015 Locust St. 
SCRANTON 3, 122 Adams Avenue 





A complete line of equipment for 
Water, Sewage and _ Industrial 
Waste Treatment as well as Bio- 
filtration Systems for Purification 
of Sewage and Concentrated Or- 
ganic Wastes: Bar Screens, Grit 
Washers (patented), Grit and 
Sludge Collectors (patented), Floc- 
trols (slow-mixing equipment) 
(patented), Sludge Elevators, 
Screenings and Garbage Grinders 
(patented), Conveyors, Chains, and 


Bearings 


View at right shows a 16 MGD Water 
Treatment Plant, Indianapolis Water Com- 
pany, Indianapolis, Ind., which is com- 
pletely equipped with Jeffrey Floctrols 
and Sludge Collectors. 
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View at left shows six Jeffrey Floctrols in 
Water Softening Plant at Newark, Ohio. 


The Jeffrey Manufacturing Company o 
Columbus, Ohio, fs prepared to grant 
licenses to all ultimate consumers for @ 
reasonable royalty obtainable upon appli- 
cation, under any or all of its following 
patents: 1,999,863 — 2,102,990 — 2,160,5¥ 
— 2,237,172 — 2,266,097 — 2,268,461 - 
2,291,121 — 2,291,641 — 2,324,637. 





















Vf i ff 


(fff 


bff) 
i} / 


if, NSS /7 
rae, f 





j 
/ 


Uy / 
VSIA 


za". VR 


/ 











trols in 
Ohio. 


2—Washed grit contains no organic seeds or unsightly material 











Jeffrey JIGRIT Washer 


(REG. U. S. PAT. OFFICE) 


leffrey patented JIGRIT Washer is now built in three sizes ranging 
capacity from one ton to fourteen tons per hour, offering these 
dvantages: 
Removes 90% of putrescible solids. 


can 
be used as fili without creating a nuisance. 


3—Recovers practically all of the +65 mesh grit. 


At left—Jeffrey No. 
JIGRIT Washer 





View at left shows a Concentration 
Tank for Humus Sludge at Dayton, 
Ohio. Concentrated sludge is 3.5% 
solid. Equipment consists of Jeffrey 
Floctrol and Sludge Collector. 


Magnified view of washed grit after passing through Jeffrey JIGRIT Washer 
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CHICAGO PUMP COMPANY 


2349 Wolfram St., CHICAGO, ILLINOIS 
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Fig. 2914—Swing Diffusers Fig. 2349 (right)—Combination 
Controlled aeration for the Aerator-Clarifier 
Activated Sludge Process. For providing complete treatment 
towns of 4,000 and up. Diffus- of sewage without odor nui- 
tube issem bly can be sance and with minimum 
raised to tank walk Simple manual operation, Ideal for 
egulation of air supply from housing projects, small camps, 
k Tub cleaning institutions and small towns 
vithout dewatering tanks or Over 100 units operating suc 
rupting operation. Ask cessfully Ask for Bulletin 
Sulletin 175 128-K 
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Fig. 1860—Scru-Peller Primary Sludge Pump 

Screw conveyor in the suction ahead of the 
impeller. Stellited cutters prevent clogging. 
The capacity can be varied instantly. Ask 
for Bulletin 190, 




















Fig. 2504—Vertical ’ ; 
Open-Shaft Non-Clog Fig. 2038—Flush-Kleen Sewage Pumping Station th 
Pump Requires no attention. NEVER CLOGS. Automatically e 














Universal Flexible backwashes strainer Keeps solids from basin and pumps verti 
Couplings in shaft Fig. 1774—Horizontal Non-Clog Pump Impeller handles water only. Coarse sewage matter 8 war 
ompensate for mis- jeing mounted directly on base prevents pump stopped by Flush-Kleen strainer and is flushed out through ( 
lignment. Ask for being pulled out of alignment by long lines of discharge pipe. Check valve prevents discharging back floor 

Bulletin 126, piping Ask for Bulletin 127. through inlet line. Ask for Bulletin 122. 
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SLUDGE PUMPING 


A Discussion on Pumps, Installation, Design and Operating Problems 


By S. E. KAPPE, Engineer 
_ Chicago Pump Co., Washington, D. C. 


‘INHE purpose of this paper is to discuss briefly the problems 
Scud in moving sewage sludges from one tank to an- 
The paper covers the type of pumps used for sludge 


r. - , 
pee My their respective advantages and disadvantages, the 
design of sludge lines, and the problems involved in sludge 


pumping and their solution. Since the writer’s firm manufac- 
tures all types of pumps commonly used for sludge pumping, an 
opportunity is presented to discuss the subject from experience 
gathered in actual plant operation. 


The Plunger Pump 

The plunger pump is popular because of its positive displace- 

ment characteristics. It will pump mixtures of sludges, sewage 
gases, and air equally as weil as liquids. It is this self-priming 
feature which makes the pump more readily primed than a 
centrifugal pump where a suction lift is involved, or high spots 
exist in the suction line where gases may accumulate. Beyond 
this characteristic, however, it is questionable whether this pump 
offers any other superiority over other well-designed sludge 
jumps. 
The following are some of the objectionable features of the 
plunger pump. The pump is often very noisy, complaint being 
frequent that it pounds and knocks. Such pounding is due to the 
reversal stresses in the different parts of the pump, caused by 
the starting and stopping of the column of heavy fluid on the 
suction and discharge side at each stroke. This noise can often 
be minimized by providing adequate air chambers on both the 
suction and discharge sides, and by reducing the pump speed. 
The reverse flow of the sludge through the valves is commonly 
known as slippage. It reduces the delivery of the pump, and, as 
a consequence, its efficiency. 

Another objectionable feature is the maintenance required to 
keep the packing tight. If the packing is too soft, too loose, or 
improperly placed, the operator might find himself as well as the 
walls and floor sprayed with sludge, leaving an unpleasant taste 
and a messy cleaning job. Then if the packing is too tight, 
scored pistons or cylinders and broken shear pins may be ex- 
perienced. The amount of grit in the sludge will govern the 
life of the packing and, likewise, the wear to which the pistons 
and cylinders will be subject. An effective grit chamber at the 
head of the treatment plant is an asset in prolonging the life of 
sludge pumps, and plunger type pumps in particular. 

The valves on the suction and discharge side, whether they be 
ball or flap type, often require frequent attention. Clogging ma- 
terial will accumulate under the valve seats and around the 
valves and may cause the pump to stop delivering completely. 
The valves should, therefore, be inspected periodically. Poor 
valves may swell and stick, or the rubber may soften or become 
worn down by gritty material to a size that can be forced into 
the pump or piping. 


The Centrifugal Pump 


Centrifugal sludge pumps cannot, like the plunger pump, han- 
dle sludges containing large amounts of gas or air. If there is 
too much sludge gas and air present, the centrifugal pump be- 
comes gas-bound. Therefore, it can readily be seen that this type 
of pump is not as adaptable for use where there is a suction 
lift or where air or gas pockets can exist in suction lines. It is 
also necessary to prevent air from being sucked in through the 
stuffing boxes. For this purpose waterseals must be provided. 
This does not mean that this type pump cannot be used for suc- 
tion lift duty. On the contrary, there are many centrifugal 
sludge pumps operating successfully under suction lifts up to 
fifteen feet. 

When suction lift duty is involved, a priming chamber should 
be provided. This priming chamber must perform the. dual 
service of automatic priming and removing accumulated air and 
gases from the suction line. Where a suction lift exists, the 
discharge nozzle of a horizontal centrifugal pump should be on 
the top side of the volute, either parallel to the floor or in a 
vertical upright position. If the discharge nozzle faces down- 
ward, or is placed on the bottom of the volute parallel to the 
floor, the pump can not be readily primed because there is no 


way for the entrapped air and gas in the top of the casing to 
escape. 

In may surprise some to hear that, in general, the so-called 
non-clog type centrifual pump has not proven very satisfactory 
for sludge pumping service. The smaller the capacity, the more 
clogging difficulties could be expected from the concentrated 
amounts of hair, rags, and stringy material in the sludge. Best 
results are obtained if the suction line is short. The whirling 
action induced on the suction side of this type pump is not con- 
ducive to trouble-free operation. The impeller motion causes 
the sludge in the suction pipe to rotate in a whirling or spiral 
motion for a distance of fifteen feet or more. This whirling 
action will often twist and enmesh the concentrated hair, rags, 
and stringy material in the sludge into ropes, or wads, which 
will then clog the impeller of so-called non-clog pumps. An- 
other objection is that the centrifugal force at the suction eye 
of the impeller may partially dewater the sludge and thus cause 
clogging. 

Centrifugal pumps perform best under positive suction head 
conditions. This type pump is preferred by many because its 
operation is quiet and clean, and there are no ball valves or flap 
valves incorporated which would need periodic attention. 


Force-Feed Centrifugals 


In spite of all the inherent weaknesses of the plunger pump, 
until the development of special force feeding centrifugal pumps, 
the plunger pump was the best available for pumping sludges, 
particularly in the small capacity ranges. Numerous attempts 
were made to design a sludge pump incorporating the good fea- 
tures of both the plunger pump and centrifugal pump. In this 
direction the best answer today is the sludge pump conceived by 
the late Walter A. Bell while Plant Superintendent of the North- 
side Treatment Plant, Chicago, Illinois. This sludge pump is a 
modification of the centrifugal pump and is known today as the 
“scru-peller” sludge pump. This pump, however, has the inherent 
priming weakness of the centrifugal pump. This objection is 
overcome by the use of proper priming equipment. It has all 
the advantages of the centrifugal pump plus the ability to pass 
solids better than any other pump without clogging. Although 
the pump was designed for handling sludges, it has been used 
successfully at Army posts since 1934 for pumping raw, un- 
screened sewages. 

The “scru-peller” punlp has a two-screw conveyor which 
gives positive feed to a two-port impeller, thus eliminating the 
danger of partial sludge dewatering at the suction eye of the 
impeller. Cutting devices are provided in the conveyor housing 
to cut rags and other material into sizes that will pass through 
the pump. Cutting devices are also provided on the back of 
the impeller to prevent packing at this point. The suction nozzle 
is at right angles to the conveyor to prevent a whirling motion 
in the suction line. Bearing supports are provided at each end 
of the pump, as in plunger pump design, to absorb the shock 
imposed by the cutting load. If only one bearing was provided, 
the cutting load and uneven sludge concentration would impose 
too severe a load and strain on the bearing and shaft. Likewise, 
a two-port impeller is provided instead of a single vane impeller, 
because it would be impossible to balance a single vane hydraul- 
ically. The changing consistency of the sludge would cause undue 
vibration and whipping of the shaft. The operation of this pump 
is quiet. It is clean, because packing troubles are corrected in 
the design features. Having no valves, it is free from clogging 
and other ball and flap valve troubles. 

The Sludge Piping System 

Now that we have covered the advantages and disadvantages 
of sludge pumps, let us consider the factors that a well-designed 
sludge pipe system should incorporate: 

1—A positive suction head is more desirable than a suction 
lift, regardless of the type of sludge pump used. Positive suc- 
tion heads will minimize the difficulty of moving heavy sludges 


at the beginning of the pumping period. ; 
2—The suction line should be as short as possible. The pipe 
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line should be entirely horizontal or slope towards the pump or 
rise vertically and then horizontally into the pump. The suc- 
tion line at the point entering the pump should never be lower 
than any other point on the suction line. (See sketch.) 

3—The number of bends should be at a minimum. Elbows and 
tees should have long radius bends to minimize stoppage. 

4—The suction inlet end should be located on the side of the 
sludge well to prevent formation of a vortex and, as a result, 
prevent flow of air into the suction line. A suction inlet in the 
bottom of the sludge hoppers is likely to be clogged by tools 
dropped into the hopper. 

5—Foot valves, float valves and check valves should never 
be used on the suction side of the pump. 

6—A combination vacuum and pressure gauge should be pro- 
vided on the suction side, and a pressure gauge on the discharge 
side of the pump. These gauges will indicate if clogging trou- 
bles are on the suction or discharge side and will indicate a 
build up in pumping head that may be taking place due to sludge 
caking (sludge ring) in the pipe lines. 

7—The check valves on the discharge side of the pump should 
be placed near the top of the vertical run or, preferably, in the 
horizontal section if possible. (See sketch.) The position of the 
valve should be such that when the pump is shut down undue 
amounts of grit and other foreign material in the sludge will 
not settle and pack on top of the flapper and prevent the check 
from opening when pumping is again scarted. 

8—Pipe sizes on the suction and discharge side of the pump 
should be selected to assure scouring velocities (not less than 
| f.p.s.) in the sludge lines. Self-cleaning velocities will prevent 
1 minimize sludge caking on the inside of the pipe. If the 


sludge line is too large to give cleansing velocit 
will cake on the inside of the pipe line. In time this’ slot Sue 
will slough off and in all probabilities clog the line if a 
pump. aot te 
It is difficult to understand why most of the sludge lin 
in use, where the sludge is pumped, were not designed to f i. 
pump capacity and also give cleansing velocities. We wall the 
think of designing a sewer with a velocity less than 2 f.ps — 
though the solids ¢ontent is only 0.1 per cent. Yet sludge ine 
are built with velocities less than 0.5 f.p.s., handling = “4 
trated solids as high as 6 per cent or more. _ 
On a gravity system, or the sludge withdrawal System 9 
Imhoff tanks, there is generally little trouble in the use of | : 
sludge pipe lines, because normally the sludge lines net 


. are rt 
and adequate head is available so that full opening of aie 
valve will give high scouring velocities. But on a pumping 


system, the capacity of the pump and size of the 
govern the velocity in the pipe. 

In referring to the hydraulic tables it will be noted tha ; 
order to get a minimum velocity of 1 f.p.s., the approximate 
pump capacity for a 4-inch line should be 40 g.p.m.; for a 6ing 
pipe, 90 g.p.m.; for an 8-inch pipe, 160 g.p.m.; and twice as mye; 
if a velocity of 2 f.p.s. is required. Slow velocities wil als 
cause the heavier material to roll along the bottom of the pip 
line. One can picture this rolling action enmeshing hair, an 
and stringy material in the sludges and forming wads that ma 
clog the pipe line or valves on the plunger pump. 

Arguments generally presented are that 6 inch, 8 inch, and 1 
inch sludge pipes must be used to pass the concentrated materia) 
and prevent clogging. The fallacy of this argument is that ; 


sludge line yi) 





























CHECK VALVE In 
HORIZONTAL Position 


GATE VALVE 
VAORITONTAL Positicy 





NOT SATISFACTORY 
BonnNET VILL Fil. WITH 
GR\T IN THIS POSITION. 














































“> SLVUCGE : =] J 
; CONCENTRATION [| |’ p> ¥ 
E. WoPPER, “i ri <i 
« tata ° 
| eee |, - e-lis .* 
: =. ** MoT SATISFACTORY CHECK VALVE AT |' - 
P*. a AIR WILL BE TRAPPED, TMIS Pont May |’. 
f: - é i couse Trovere ie |‘ “ 
7 sg COMBINATION t TMIS IS A LONG VERT! - 
a) - -t- A PREssvREE|Y P\PE. all 
"ae Y “ ae 
L ts y, M4 VACUUM — s * 
se > / A--~ — —h a PRe ‘ 
| an / SS0ORE |[*.: 
ee dy GAVGE a 
i ee | % 
y ° "s | ! ‘ 
Fo.  . . % eh 
‘ . . 3 | j ‘ 
“ : - a 7 
oe . 4 *? . ~ 7 3 3 
TS ben } a VARIABLE 
Ss 7 e 
Seas — wr" SPEED CONTROL |’. °: 
Tt ‘owe, a eee . To ConT Row we 
— * * » a’, 7 o QVANTITY S4 
Ka @~ . ie FR tail 7 
e - oe ' te 
y? . ¥ a . 4 . a ‘ * . r-) ’ ‘ GATE VAWVE = = 
. Bs a a a i by , a*. Ss . - 7 * “+ ¥ 3. ete Me @. 7.4 ji “Ta” Fi - ve Sr ara oc ee 
* @. ¢- ate es *« ve ~/,"@s. + : " * 0 ©2838 * ie ze Tw. . e eo & , *f a Ry Fx ©. ‘. Le 
' 





Cis. OF PIPE CESIENED 


To GWE CARRY ING VELOCITIES, POMP. 








SnokT RvW OF PIPE OM SUCTION GIDE OF 
AS FEW TORNSE AS PoSssSiBreE. 








W. & S. W.— REFERENCE & DATA — 1946 


Sketch Illustrating Some Good and Some Not-so-Good Features of Sludge Pump Installations 
Installation of “Scru-peller” Sludge Pumps at Lebanon, Pa. 
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ments clogging troubles. If a plunger pump is used it is ques- 
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blanket. Also that a centrifugal pump will pull a hole in the 


nig a aable if its ball valve chambers will pass a 1 inch sphere let sludge blanket whereas a plunger pump will not. Operators who 
if not th alone a 5 inch or 6 inch sphere, and we know that match sticks made experiments and who took sludge soundings before and 
¢ will cause plunger pumps to lose their prime and cause a re- after pumping with both types of pumps know that this is not 
lines ro, duction in pump capacity due to slippage. If a “scru-peller pump true. A hole might Le pulled in the sludge blanket by any type of 
to fit th is used, whatever reaches the pump that is cuttable will be cut pump regardless of the pump capacity. The cause of this trou- 
WOUld no, up and passed through the pump. Nevertheless, slow velocities ble is sludge arching, and failure to flow freely to the intake line. 
-P.s,, on cause sludge caking to build up on the inside of the pipe. In The sludge may arch over the hoppers, around the sludge pipe 
ndge lines time this scum will break loose and plug the sludge lines usually in the hopper corners, or the hoppers may be too large with flat 
5S a at a bend, fitting, or valve. slopes — A —— — — oe a en pumping = 
. prevent arching or the pulsating effect of the plunger pump wi 
— Causes of Capacity Loss break part of it loose. The best answer is to squeegee, otherwise 
E Of large Perhaps you have noted that the pump sometimes does not the breaking loose of the arched sludge may allow the gas bub- 
are shor deliver its rated capacity. Let us analyze the reason for this bles to float the sludge blanket to the tank surface. If this should 
the gay condition: In the case of plunger pumps, the valves may have occur, hosing will make it settle readily. 
pumping been worn to an extent that they cause too much slippage. Then Squeegeeing the hoppers will also reduce the pumping time on 
» Line wil again, sludges when subject to a suction lift or vacuum may rectangular clarifiers, and it will reduce the amount of water 
release gasses to an extent that the pump may be pumping gobs formerly pumped to the digester. The less water pumped to the 
d that i of air followed by slugs of sludge. digester, the smaller will be your supernatant disposal problem. 
TOXimate We know that primary sludges have a varying degree of Another good way to minimize your supernatant problem is to 
a G-inch # moisture. The moisture content in the sludge will generally be draw the sludge into a concentration tank. After an adequate 
aS mud} lowest at the beginning of the pumping cycle and will increase settling period decant the clarified liquor and then pump the con- 
will als progressively to the end of the pumping cycle. During any cycle _centrated sludge. If the sludge mixture is allowed to stay in the 
the pipe of pumping, the moisture content may vary from 90 per cent to concentration tank too long without any stirring, you may find 
air, rags j 99 per cent. Sludges which have a moisture content of only 90 the supernatant on the bottom and the sludge floating on top. 
that may per cent will have a very high friction factor compared with The best way to solve the supernatant problem is at the original 
sludges of 99 per cent moisture content. It is for this reason that source, in the undigested sludge, where the liquor does not have 
1, and 1) during the first two or three minutes or more of any pumping the toxic effect that it has when it leaves the digester. 
materia! cycle it is hard to get the sludge moving. The friction loss may Where plunger pumps pounded excessively, air snifter valves 
is that it be five to ten times greater than the friction loss during the have been placed on the suction side to form an air cushion 
balance of the pumping cycle. within the pump cylinder. This does a good job in overcoming 
It is generally easier to pump sludges having solids contents pounding, but it is not recommended. Its evil is that you are 
_——— of less than 7 per cent. Above this point, depending on the sitting on a potential volcano that might go off any minute be- 
character of the sludge, and particularly if it is around 10 per cause while you eliminate pounding, you are also pumping a 
cent, you might have less trouble if you shovel it. Another point certain amount of the air with the sludge into the digester, mak- 
to remember is that sludges from one plant may be more diff- ing possible an explosive mixture. 
m cult to pump than sludges from another plant, even though the Perhaps you have been faced with the problem of prime failure. 
>SiTion solids content may be the same. It it is a centrifugal pump with primer, check your priming 
The unpredictable character of the sludge and its changing equipment for leaky gaskets, sticky valves, or stuck floats. Also, 
LVEN solids content has frustrated all attempts to establish accurate make sure that seal water is flowing to the stuffing boxes. If it 
Positiey friction losses in sludge lines. As a result, it is more or less is a plunger pump, leaky packing might have to be replaced or 








necessary to estimate the total dynamic pumping head. If you 
wish to increase or decrease the capacity of the pump, the sim- 
plest way is to equip the pump with a vari-drive type motor. 
Such a motor will allow you to increase or decrease the pump 
capacity by turning a small handwheel. 

In speaking to operators where both plunger pumps and “scru- 
peller” pumps are installed side by side, it is surprising to hear 
the conflicting arguments that the plunger pump will pump 
heavier sludges better than the “scru-peller” pump and vice 
versa. Questioning fails to reveal any substantiating evidence. 
There is no reason why one pump should be able to pump 
heavier sludges than the other if both pumps are properly in- 
stalled and in good operating condition. 


Operating Problems—and Their Solution 


You have often heard the remark that you should pump 
sludges at a slow rate to prevent pulling a hole in the sludge 


tightened. Often the trouble may be a clogged line, or the suc- 
tion pipe may be sheared off where it enters or leaves a wall. 

Perhaps you are having trouble with a check valve at the foot 
of vertical riser pipe that is being clogged by grit and other 
material settling on top of the flapper. If the check valve cannot 
be relocated near the top of the vertical riser pipe or in a horizon- 
tal section, you may find that a clear water flushing connection 
on the suction side between the pump and gate valve of great 
help to you. By flushing the pipe line under pressure after each 
pumping you can force the grit and other material to a point 
where it will not cause any trouble. This flushing connection 
will also be a great help in case it is necessary to dismantle 
the pump or clean the ball or flap valves. It is much nicer to 
work on a pump full of clear water than sludge. It should be 
borne in mind that this flushing connection should be made in 
accordance with cross-connection requirements of the State De-. 
partment of Health. 








WATER SERVICE AND SEWER RENTS 


The following interesting decision is reported by the Municipal 
Legal Information Service of the New York State Conference 
of Mayors and Other Municipal Officials: 

“On October 11, 1940, the Court of Appeals, Richmond county, 
Ohio, held that the city of Mansfield had authority by ordinance 
and rules and regulations issued thereunder to shut off water at 
premises which are delinquent in their sewer rental payments. 
Pointing out that it is well settled that a city may shut off water 
for nonpayment of a delinquent water bill, the Court considers 
the direct question involved in this case of the power of a city 
to discontinue one service for failure to pay for another service, 
and holds that the sewer and water systems are so closely related 
as to be considered one transaction as the operation of the sewage 
system is dependent upon the water supply, therefore, it is rea- 
sonable to shut off water for nonpayment of a delinquent sewer 
rental bill. The court cites and relies upon the case of Dodd v. 
City of Atlanta, 113 S. E. 166, which reached the same decision 
as was reached in the instant case. Gatton v. City of Mansfield.” 
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PENNSYLVANIA SALT MANUFACTURING COMPANy 


1047 WIDENER BUILDING, PHILADELPHIA 7, PA. 
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® LIQUID CHLORINE 


A clear amber-colored liquid about one and one- 
half times as heavy as water. Supplied in steel 
containers which are under pressure at tempera- 
tures above 30.1° F. It is only slightly soluble in 
water, its maximum solubility in distilled water be- 
ing about 1% at 49.2° F. When pressure is re- 
leased, liquid chlorine volatilizes into a greenish- 
yellow gas which is about two and one-half times 
as heavy as air. It is non-inflammable, non-ex- 
plosive, and a non-conductor of electricity. Gen- 
erally, in the absence of moisture it is not cor- 
rosive to common metals at temperatures below 
212° F. Moist chlorine or aqueous solutions of 
chlorine require special equipment materials for 


handling. 
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Chlorine has been proved to be the most efficient, 
flexible and economical agent for sterilizing water 
supplies; and it is also used as a sludge stabilizer, 
a taste and odor eliminator, a precipitating aid, 
and, in sewage treatment, for disinfection, for 
B. O. D. reduction and odor control. The quan. 
tity of chlorine required in water purification and 
sewage treatment processes depends upon the 
quality of water, the point of application, and the 
object desired. Penn Salt Liquid Chlorine is par. 
ticularly adapted for such processes because of its 
high purity and freedom from _ objectionable 
“taffy” or chlorine gum, achieved by means of the 
specially designed Penn Salt fractionating column 
which eliminates practically all harmful impuri- 
ties from the chlorine. 


This Liquid Chlorine is supplied in seamless steel 
cylinders of 100 and 150-Ib. net. They comply 
with requirements of the Interstate Commerce 
Commission concerning specifications, retesting, 
loading, maintenance. Liquid Chlorine is also 
shipped in multiple-unit tank cars holding 15 con- 
tainers of one ton each, and in single-unit tank 
ears of two sizes, 32,000 and 60,000-lb. respect- 
ively. The care with which all Pennsylvania Salt 
packages are cleaned and double-checked, coupled 
with the quality of Penn Salt Liquid Chlorine, as- 
sure maximum safety and convenience in chlori- 
nator operation. 


@ PERCHLORON 


Perchloron is a high strength calcium hypochlor- 
ite, having a guaranteed active ingredient of not 
less than 70% calcium hypochlorite or available 
chlorine. It is free flowing, concentrated and re- 
tains its labeled strength for one year or more un- 
der normal storage conditions. It weighs approx- 
imately 52.5 pounds per cubic foot. It is com- 
posed of finely divided particles, all of which will 
pass a 20 mesh screen. It is quickly soluble in 
water, and is useful as a second line of defense for 
water purification in cases of emergency, when 
supplies of liquid chlorine may be temporarily cut 
off. Perchloron is also used for sterilizing new 
mains, as well as clear wells and filters; valuable 
for sewage treatment, too. Many leading swim- 
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ming pools sanitize their water 
with Perchloron, use it to com- 
bat slime and algae growths, 
and to control athlete’s foot 
by means of foot baths and 
by spraying locker and wash- 
rooms. Perchloron is sup- 
plied in 5-lb. cans, 9 cans to 
the case. Also in 100-b. 


drums. 
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@ AMMONIA, Anhydrous 

A colorless liquid which at 70° F. is 0.61 times as 
heavy as water, and weighs 38.0 lb. per cubic 
foot. When pressure is released, it volatilizes to a 
colorless gas of penetrating odor, which is 0.597 
times as heavy as air at standard conditions. Dry 
ammonia is not corrosive to the common metals, 
but moist ammonia attacks copper and all its al- 
loys, hence iron pipe and fittings are always 
recommended. Ammonia is exceedingly soluble 
in water. At 32° F., 1150 volumes of ammonia 
will dissolve in 1 volume of water, or 47.3% by 
weight. 

This characteristic of ammonia is utilized in the 
dry feed ammoniators in water works. It is also 
useful in the chloramine process, in which am- 
monia is applied along with chlorine to prevent 
the formation of chlorinous, phenolic or medici- 
nal tastes; and for stabilizing or prolonging the 
sterilizing action of chlorine. Ratios of ammonia 
to chlorine varying from 1:1 to 1:12 have been 
effective, with points of application ranging over 
the entire purification process. To prevent taste 
intensification, the ammonia must be applied be- 
fore the chlorine. 


Pennsylvania Salt Anhydrous Ammonia is sup- 
plied in special improved cylinders of seamless 
drawn steel which are light, strong and easy to 
handle and store. Gas may be withdrawn either 
with a cylinder standing upright on a scale for 
weighing, or with the cylinder lying horizontal, 
whichever is most convenient. 


® FILTER ALUM (Sulphate of Alumina) 


This product is the principal coagulant used in 
water purification; and Penn Salt, Commercial or 
Iron Free Alum has been adopted by many water 
works superintendents and engineers. Available 
in any quantity from a single bag to carload lots. 


@ FERRIC CHLORIDE 


In liquid form it is an aqueous solution, the con- 
centration of which is governed by the outside 
temperature and varies from 39% FeCl, in ex- 
tremely cold weather to 45% in extremely hot 
weather. Pennsylvania Salt also supplies ferric 
chloride in an anhydrous form which is water- 
free and as near to 100% FeCl, as is permitted by 
impurities in the steel scrap from which it is made. 
Ferric chloride is a positive coagulant, producing 
clean-cut flocculation in economical doses. In 
most communities, depending upon shipping costs, 
ferric chloride offers vast savings over alum. The 
aqueous solution is shipped in rubber-lined tank 
ears holding 8,000 galions and averaging 40,000 
Ib. of dissolved FeCl, per car. Anhydrous ferric 
chloride is shipped in non-returnable steel drums, 
150 and 400 Ib. sizes. 





© SODIUM ALUMINATE 
An alkaline compound of alumina and caustic 
soda, used both for softening water and as a com- 


bined coagulant and softener. Most effective in 
water requiring an alkali with the alum. Shipped 
in steel non-returnable drums, net weight 100 and 
400 Ib. each; and in 100-lb. moisture-proof bur- 


lap bags. 


@ SODA ASH 

CHLORIDE OF LIME, and 

CAUSTIC SODA 
are among the other chemicals made by Pennsyl- 
vania Salt and used in water purification and sew- 
age treatment. Ask us for detailed information 
and expert technical assistance. 
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WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Ammonia Control Apparatus, 


Dry Chemical Feed Devices, Ete. 


Newark 1, New Jersey 
“THE ONLY SAFE SEWAGE IS A STERILIZED SEWAGE” 


REPRESENTED IN 


Knoxville Oklahoma Cit) San Francisco 
Lexington Philadelphia Seattle 

Los Angeles Pittsburgh St. Louis 
Lubbock Portland, Ore Syracuse 
Minneapolis Roanoke Washington. p. ¢ 





Albany Chicago Greensboro 
Atlanta Cleveland Houston 
Boston Columbus Indianapolis 
Bridgeport Dallas Jacksonville 
Buffalo Denver Kansas City 
“harlotte Detroit 








Wallace & Tiernan Ltd., Toronto, Canada 
Wallace & Tiernan Ltd., Winnipeg, Canada 


Wallace & Tiernan Ltd., Montreal Canada 
Wallace & Tiernan Ltd., London, England 




































DISINFECTION OF SEWAGE 


(he need for sewage disinfection cannot today be 
overlooked. With increasing population the growing 
dlemands on water supplies necessitate using sources of 
supply hitherto considered unsuitable. The increasing 
popularity of swimming has led to the use of the most 
available bathing beaches, lakes and water courses. The 
aational resentment against the pollution of streams and 
civers is gaining momentum. All of these have cen- 
tered the attention of sanitarians on sewage treatment. 
As a final measure of securing complete health protec 






W&T Master Automatic Visible Vacuum Chlorinators. Stamford, Connecti- 
cut, Sewage Treatment Plant. 
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tion, sewage disinfection, with chlorine, is accepted 
practice. 


ODOR CONTROL 


Che control of obnoxious odors from sewage treat- 
ment works, long outfall sewers and other disposal 
plant appurtenances is distinctly a field for chlorination, 
Neutralization of hydrogen sulfide (the gas responsible 
for these obnoxious odors), or prevention of its forma- 
tion by controlled application of chlorine, is not only 
quite practicable but also results in economy of opera- 
tion due to reduction of deterioration in interceptors 
and allied appurtenances. 


B.O.D. REDUCTION 


Treatment plants discharging effluents into water 
courses having extreme seasonal variation in flow have 
profited from controlled chlorination to reduce bio- 
chemical oxygen demand. Field tests have often shown 
a reduction in the five day B.O.D. of up to 30 per cent. 


OTHER ADVANTAGES 


Similarly, chlorine prevents filter “ponding.” It 1s 
also widely used to prevent sludge “bulking.” Where 
grease is a problem, chlorine will aid in its removal and 
minimize its accumulation in small pipes and_ spray 
heads. When added to return supernatant liquor from 
digesters, chlorine tends to counteract the impact of 
highly putrefactive liquids from fresh sewage. The 
thickening of sludge may be greatly benefited by the 
maintenance of a “chlorine blanket” in the supernatant 
above the sludge. Chlorine is also useful in the prepa- 
ration of coagulants such as “chlorinated copperas.” 
Difficult trade wastes, such as those containing cyat 
ides, can be effectively purified by designing means for 
the application of chlorine into the process 


TECHNICAL INFORMATION 


\\&T representatives will gladly discuss any specific 
sewage chlorination problem. Technical bulletins on 
the many phases of sewage chlorination and W&T 
Chlorinators will be sent free on request. 
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ACTIVATED SLUDGE BULKING” 


Some Considerations as to Causes and Corrective Measures 


By L. H. ENSLOW 


Editor, “Water & Sewage Works’ 


In presenting this informal discussion, and my own opinions 
with regard to causes of bulking of activated sludge, I shall also 
offer suggested corrective measures for bulking. The matter of 
“sticking my neck out,” so to speak, gives me little concern if, by 
such willingness to expose myself, I can provoke more consider- 
ation and study of this most vexing and important problem of 
operation. And, in my belief, of plant design also. 


What Constitutes Bulking? 


The first question is—“What constitutes bulking?” When I 
first entered the sewage field 1 had heard of bulking sludge but I 
had no idea what it looked like. I thereafter discovered that there 
was more than one type of bulking. These types, in my opinion, 
represent two entirely different causes and effects. One is pepti- 
zation of sludge floc and the other is really bulking (swelling) of 
sludge. True bulking of sludge means that the particles have 
become hydrophyllic. This means that they have taken up water, 
such as leather will, and swelled to the point that the gravity is 
so low as to cause the bulked sludge to rise in the final clarifying 
tanks. When in this condition, slight disturbance and increased 
velocities will cause it to pass out over the weirs of such sedi- 
mentation units. If you examine this sludge closely, you will likely 
also find that the particles are buoyed up by myriads of tiny gas 
balloons; i. e. very small gas bubbles of microscopic size. To cite 
an example, I have observed that salt water oysters subjected to 
fresh water will exhibit this same hydrophyllic phenomenon of 
absorbing water. One may say that, like the oyster, the sludge 
has become “bloated.” 

Let us consider some of the qualities and characteristics of an 
activated sludge beginning to bulk. Under the microscope you 
find that amongst the sludge organisms the protozoa have become 
sluggish. Instead of working vigorously, (for instance, the stems 
of bacticella and the like no longer coiling and coming back with a 
snap as they do when in a healthy condition) you will find that 
they are lazy and not at their job of assimilating bacteria and what 
not. I do not know whether they do assimilate anything other than 
bacteria, but at least they are not active when the sludge is ailing 
or, is it a case of “vice-versa.” 

Following this you begin to get peptization or bulking, as the 
case may be. Bacteria increase, and there is an oxygen deficiency. 
Nitrates are going down, whereas ammonia is increasing. There 
is a loss of characteristic brownish color of good activated sludge. 
In due time the effluent begins to take on the odor of hippuric 
acid (“hippo” meaning horse). However, the effluent is splendid 
for a time after bulking of the sludge begins to appear. It is 
crystalline clear for a while and represents a very excellent 
effluent. If one could “put the brakes on” at this point and hold 
the condition, he would have optimum activated sludge operation 
from an economy standpoint, and as high an efficiency as he could 
expect. However, the difficulty is that he cannot easily stop the 
bulking-ball that has started rolling. 

The next thing that happens is that the bulking becomes very 
pronounced. With increase in sewage flow, the sludge blanket is 
disturbed, and much sludge goes over the weirs into the stream. 
The liquid portion of the effluent, even yet, is not bad but becomes 
so in time, if the cause of bulking is not corrected. 


What Causes Bulking? 


_ Now let us consider some of the causes of real bulking (swell- 
ing), as distinguished from peptization of flocs and milky effluent, 
such as poisoning of bacteria as enzymes may produce. The 
universal answer is the deficiency of dissolved oxygen reserve 
and nitrates in the aerating units or in the final settling tank. 
The latter may be as important as the former. In other words, 
the way I look at it, the problem becomes a question of oxygen 
‘banking.” Picture an aeration tank (sketched on the black 
board). Whether by air diffusion mechanically or by air blow- 





*A paper presented before the Ohio Conference on Sewage 
Treatment; reprinted from the 12th Annual Report of the Ohio 
Conference. 





ing, in the aeration tank liquor you are “banking” dissolved 
oxygen. With this banked oxygen you can meet demand notes 
by withdrawing or checking. The notes are the oxygen demand 
“notes” of the sewage plus that of the sludge in the mixed liquor. 
If your balance is steady, or on the increase, and your with- 
drawals are gradually on the decrease through the aerators, you 
will always have at all points in your “oxygen bank” a residue 
of dissolved oxygen on which you may draw. Such means sol- 
vency and will keep you from going absolutely oxygen bankrupt. 
Assuming this condition can be maintained, you will never find 
yourself “in the red”—at least as to performance if not in respect 
to costs. If you do overdraw your oxygen account but within an 
hour or so you replace the overdraft, adding perhaps a little su:- 
plus, you are still safe from your principal debtor whose initials 
are B.O.D. In commerce the criterion, of course, is how quickly 
and adequately you are able to do your banking, that is, how 
quickly you can make your deposits to meet the on-coming drafts 
or checks. Just so it is with the balance between oxygen reserve 
and oxygen demand in an aeration unit, which spells solvency, or 
bulking bankruptcy. 

Another analogy may be made in citing two runners—one a 
strong runner and one a weak runner. Should the strong runner 
stub his toe just as he takes off from the starting point, he may 
have a hard time to overcome the, set-back and may even come 
in, a limping loser. Overcoming such a handicap, even against 
weak competition, is frequently very difficult. So it is in financing 
that is, in making up bank deficiencies ; and, so it is in the activated 
sludge process in making up oxygen deficiencies which reach 
serious proportions near the influent end of the aeration units. 


The rapid oxygen demand of the sewage, as I stated, is the 
critical thing. This occurs at the inlet end of the aeration unit 
and represents the sudden demand notes drawn on the oxygen 
in the bank. I have seen activated sludge plants ‘operating very 
nicely on very strong sewages, as long as the input remained on 
an even keel. On the other hand, I have seen activated sludge 
plants confronted suddenly with varying organic loads, and the 
process has gone all to pieces with startling rapidity. One would 
not think that these periodic loadings could disrupt the process 
the way they do. Of course, what I have said is particularly true 
of small plants. In large plants it takes much more to cause 
trouble than in smaller ones, for the reason that your bank is 
stronger and the “balance” is not so easily upset. 


Sludge vs. Liquor. 


Too much sludge carried in the aeration tank has an effect 
similar to too much of an organic load in the sewage coming in. 
However, in my opinion, the sludge loading does not begin to com- 
pare with the influent loading in importance. The reason is that 
it is a more stable load and is subject to control. It is not flashy 
unless somebody permits the sludge to become partially septic; 
then, of course, it has an explosive oxygen demand which is 
disastrous. The return of supernatant liquor from digesters is a 
tremendously bankrupting practice as many have learned. More 
about this later. 

Another cause, I think, of activated sludge bulking or perhaps 
of moderate bulking is a lack of inorganic matter in the sewage. 
I refer now to material like iron, salts, silt or clay, and other 
materials which tend to give weight and coalescence to floc of any 
sort, whether activated or not. As a matter of fact, I consider 
the activated sludge process to be as much of a natural coagula- 
tion process as it is of an oxidation process. The first stages 
of coagulation and adsorption are by far the most important stages 
in activated sludge, and if we could chop it off at some point 
before nitrification sets in (and hold it there) we would have 
the greatest amount of work for the least number of dollars for 
operation. Unfortunately, no one has found the formula for this 
procedure, the nearest to it being the Guggenheim biochemical 
process which involves a combination of chemical precipitation and 
bioflocculation. 

I might mention that recently there has been considerable work 
done on the use of silica as a coagulation aid. Perhaps many of 
you have heard that in water treatment practice silicates may be 
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used for improving flocculation with alum and iron, and so in 
sewage treatment it may well be that something of this nature will 
be found to play a part in activated sludge coagulation. I cite 
one indication that silica may have a distinctive bearing. I have 
frequently observed cases where clay or silt enters sewers as a 
result of rainstorms. And, almost immediately the coagulation 
phenomena of activated sludge, the settleability of the sludge, 
and consequently the important sludge index, seem to improve. 
I am wondering if perhaps the colloidal silica content of clays 
may not have a bearing on activated sludge coagulation as it does 
on alum and iron coagulation. I consider this an interesting prob- 
lem for some student or researcher to undertake; namely—“The 
Effect of Various Inorganic Compounds on Activated Sludge 
Behavior.” 

Another reason for the bulking of sludge is too little oxygen 
input in the sludge reaeration channels, if reaeration is practiced. 
In other words, your bank balance is decreasing rapidly and can 
decrease extremely fast if you do not keep well ahead of the sludge 
demand, so to speak. Sludge may have (and frequently does have) 
a rapid oxygen demand as it comes from the final tanks. In other 
words, if you are returning your sludge slowly to obtain a con- 
centrated return, you are tending to build up in that sludge an 
increased and a rapid oxygen demand. Should you not have 
enough oxygen to take care of the demand immediately, and not 
enough carrier liquor in which to “bank” this oxygen, you will 
never catch up. By putting into the inlet of the aeration unit an 
oxygen deficient sludge you have lost ground before the mixed 
liquor enters the aeration tank and, in my opinion, that is the rea- 
son for the difference in arguments, pro and con, for reaeration of 
sludge. A new theory is that reaerated sludge must be kept nour- 
ished with fresh seyage input. Some will tell you that reaeration 
is worthless and that it is really harmful, whereas others say that 
they cannot get along without it. I believe it to be just a matter of 
the balance of oxygen reserve as to whether or not an operator 
needs or does not need reaeration of sludge. The British practice is 
to reaerate and return very thin sludge. The freshness and thin- 
ness of their sludges may account for their successes with reaera- 
tion. 

Another point is the ratio of settleable solids to non-settleable 
solids in the sewage. I mention this point for the following reason. 
In Great Britain one of the remedies in sludge bulking is to by- 
pass the long period primary tanks, thus diverting more suspended 
solids into the aeration units and also securing a fresher sewage, 
with benefits later to be cited. 


Grease and oil have an effect on sludge bulking. Grease or oil 
mix in with the activated sludge floc and coat the particles, 
affecting the specific gravity of the sludge if nothing else. Many 
engineers think it has considerable bearing on the bio-activity of 
the sludge. Studies now under way will tell us more about this 
later, but grease separation appears definitely beneficial. 


There has been a suggestion that yeast is harmful and results 
in bulking: that is, yeast from breweries and other places. Some 
British authorities seem to think yeast is very harmful. I think 
possibly the yeast growth is the index of something else that is 
worse. I refer to the oxygen demand, and more particularly to 
the demand rate of the waste which contains the yeast; but this 
again is a personal opinion and needs verification. Where yeast 
is, there is usually a lot of organic matter with it. 


Then we come to filamentous hacterial growths, of which we 
hear so much, such as sphaerotilus. and leptothrix. In paper 
mills they call these growths “slime.” I will speak a little more 
about filamentous growths later. They may be the cause of bulk- 
ing, but I do not believe they are the direct cause. I think they 
are indexes, again, of a deficiency of oxygen which is the direct 
cause of bulking. 

Then, of course. there is carbon dioxide. Gas liberation, car- 
bonaceous fermentation and acid production unquestionably have 
an effect on bulking. Septic sewage and supernatant digester 
liquor, in my opinion, is prohably one of the most serious factors 
contributing to bulking in the greatest number of plants. 


The Effect of Septic Sewage. 


I was very much interested in an article that appeared in the 
July, 1938, issue of “Water Works and Sewerage.” Written by 
Dr. Heukelekian, of the New Jersey Experimental Station, it 
more or less fights this battle for for me. I have claimed a lot 
of things that were bad of septic sewage, but I did not know what 
the New Jersey authorities have revealed—namely, “That once 
sewage has become septic it will take up oxygen only one-half 
as fast (approximately) as the same sewage in a fresh condition.” 
In this revelation many will be surprised and take on an increased 
respect for septic sewage and supernatant liquor. In his studies 
of the effect of septic sewage on activated sludge, Dr. Heukele- 
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kian took septic sewage, boiled it to kill all life and then 
it. He found that the same sewage in a fresh condition tr 

in the same way, would take up twice the oxygen: that is a 
take the oxygen at twice the rate, the latter being the im ee 
revelation. The amount of oxygen required is not oa 
important as is the rate at which it is required, and the a 2 
which it will be dissolved and “banked” in the liquid phase sbi 


With the above in mind, septic sewage reaching a ; 
weather reduces the capacity of the storage reservoir or dan 
oxygen by about fifty per cent. For instance, Dr, Heukelekj 
found that in twenty minutes of aeration, fresh sewage (boiled) 
would take up 3 parts per million of oxygen (approximately) 
against 1.8 parts per million for septic sewage treated in the 
same way. You will note that this is almost two to one. But this 
is not the whole answer. The important consideration is, that if 
this happens every twenty minutes from the influent end of th 
aeration tank through the effluent end of the tank, and if the 
aeration period is six hours, the effect is considerably multiplied 
and interest on the deficit is compounded. Let us put it this wa 
The dissolved oxygen “balance” is in pretty bad shape before ma 
get to the end of the tank. You have not accumulated anything 
because the oxygen is going out at a rate you cannot control and 
this rate is faster than it can be deposited. This constitutes 
about the most interesting disclosure I have seen in the way of 
an explanation of why it is desirable and many times necessary to 
avoid septic sewage. We do know that in hot dry weather more 
than one activated sludge plant operator goes home at night and 
prays for rain. When he gets rain he knows he is on safe ground, 
at least temporarily. In my opinion, dilution is one of the best 
corrections for septic conditions, and it is not a far cry to 
recommend that a handy creek be bled into a sluggish sewer in | 
hot dry periods. 

Supernatant liquor from digestion tanks, if discharged to the 
inlet of the plant, causes an effect similar to septic sewage, but 
there is so little of it that you do not begin to feel the cumulative 
effect that you would if all of the sewage is septic. However. 
the fact is that supernatant liquor does cause serious upsets of the 
process. Further, it probably encourages the growth of organisms 
in the sewage which I believe those of normal activated sludge 
do not like as associates, and likewise adds toxins. 

Peptization of floc can be caused by different things, but you 
usually find that this condition is caused by a poison of the 
decolloidizing elements or organisms in the sewage and sludge. 
In other words, the clotting effect is hurt and you do not get 
efficient flocculation. Peptization results in a whitish milky-look- 
ing effluent. 


reaerated 
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Correctives 


Now consideration may be given to possible correctives and 
there are several of them. Some of them work and some do not. 
Some work here; some work there; and some work nowhere. The 
first thing to try is more air—if you have it. The next thing is 
lesser amounts of return sludge, reducing the amount of solids in 
the sludge rather than the volume. If anything, you usually have 
to increase the volume of return sludge. The third measure, of 
course, is less sewage. That last seems to be a universal corrective 
because by-passing has been the most prevalent method of cor- 
recting difficulties at activated sludge plants. Adding clay is 
another method and the use of chlorine still another. 

I was extremely interested in another phase of Dr. Heukele- 
kian’s paper. His conclusion reads, “The dissolved oxygen level 
in the activated sludge process is the resultant of the supply 
and demand of oxygen. The supply is governed by the method 
and rate of aeration available.” Further quotine from his conclv- 
sion he says, “Another factor that influences the level of dissolved 
oxygen is the temperature. As the temperature increases, the 
amount of oxygen that can be dissolved in the liquor decreases, 
and at the same time a greater demand exists due to increased 
biological activity. Thus, the critical periods in the operation of 
an activated sludge plant appear in the warmer season.” | 
you add to this condition septic sewage, the operator’s difficulties 
are further increased. On both scores the mixed liquor naturally 
will not dissolve as much oxygen. 

Again quoting, “Theriault and McNamee have estimated that 
35 per cent of the dried activated sludge is represented by bat- 
terial cells. * * * The bearing of these generalizations on the 
maintenance of dissolved oxygen in the activated sludge process 
is obvious. As long as aerobic conditions are maintained, the 
process of aggregation of sewage colloids will take place, result 
ing in a well clarified effluent and an active sludge. When there 
is no dissolved oxygen present the process of aggregation wil ; 
cease, the opposite process of dissolution will take place, breaking 
up the aggregated sludge floc.” 
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lekian then concludes by saying, “Until more definite 
ee b available, indicating that with higher dissolved 
en concentration a much more rapid purification is brought 
— a minimum of 0.5—1.0 p.p.m. dissolved oxygen main- 
salen at all times and in all sections of the aeration tank should 
be considered as the most economical range. 
Other correctives have been seasonal treatment of industrial 
waste to reduce the load on the plant. Lime have been employed 
for pH correction, but I will say that my experience has been 
that the use of lime offers very temporary relief. It does seem 
to shrink the sludge temporarily, but you soon find that the efflu- 
ent becomes milky and conditions become unsatisfactory again. 


Other methods than by-passing include reaeration, more rapid 
sludge return, which I have touched on, thickening of excess 
activated sludge going to the digesters, and stage digestion of 
sludge, which gives a less objectionable supernatant liquor. 


Sludge Thickening. 


As to sludge thickening, it was first developed at Los Angeles 
and later used at Phoenix, Arizona, where it proved a life- 
saver.” Topeka practices it as does Columbus, and Baltimore is 
including it in the design of improved works. When sludge 
thickening is practiced, the sludge is not returned to the raw 
sewage for settling in the primary tanks where it may become 
degraded and much of it passes over into the aeration tanks. 
To my mind, it is extremely questionable practice in activated 
sludge treatment, and poor economy to return this material to 
the sedimentation units. A good many people have argued con- 
trary to this, but I have observed many activated sludge plants, 
have studied them, and have thought about them a lot. When I 
see this bulky, half-rotten sludge which was put into the tanks as 
good activated sludge, which laid on the bottom as long as it 
could and which finally is swept through to the aeration units, I 
am certain it has a tremendous oxygen demand. It has a 
tremendous chlorine demand and anything that has a tremendous 
chlorine demand likewise has a very high oxygen demand. I do 
not know whether the organisms contained have any effect on 
the aeration tanks or not, but I do feel that the needless load on 
an activated sludge plant, caused by this manner of handling 
sludge, is absolutely unnecessary. It is necessary to take all the 
load coming to the plant (the sewage) but why should you take 
a good activated sludge and let it go through partial digestion and 
put it back into the aerating tanks again during periods of peak 
loadings? 


“Freshening.” 


Sewer flushing or sewer dilution has always been helpful where 
septic sewage is the cause of the trouble. I have often said that 
any operator is fortunate who has the trunk sewer to his plant 
passing under a brook or stream. By knocking a hole in the 
sewer and by fitting it with a suitably constructed valve, he is 
able to realize the value of sewage “freshening” and sweeping 
sewer flows. It may even pay to install pumping equipment 
and pump water from a stream, or he might even pump some 
plant effluent back into the incoming sewage. In my opinion, 
it may cost less to pump water into the sewer than it does to 
pump air for aeration purposes and there is little question but 
that the operator will sleep better at night. 


Sludge Return Control. 


Now, about sludge return reduction. This seems to be an 
extremely important item at times. First, the operator keeps 
down his solids and, second, he draws his activated sludge back 
fast enough so that he gets more fresh liquid to dissolve more 
oxygen in the “banking” process. Many of you may be surprised 
to know that at some plants the return sludge is 50 per cent to 
100 per cent by volume. Now why do the operators do this? 
It is more or less for the same reason that I would like to have 
a creek pass over the trunk sewer to any activated sludge plant 
which I would have to operate. The increased return sludge volume 
naturally will reduce the aeration period, but a 6-hour aeration 
period does not necessarily mean a thing in the world. One may 
get better results in two and one-half hours if he knows how. 
More liquid is delivered to the aeration units, thereby supplying 
a “blotter” tnat will absorb more oxygen and hold that oxygen 
in a higher concentration (probably three times as much) than 
is possible with strong or septic sewage. Naturally, the total 
oxygen demand is the same but the operator has been able to put 
more “money” in the bank. While the total draft remains the 
same, he avoids oxygen bankruptcy. The whole point is this: 
Put something into the aeration tanks that will dissolve the oxy- 
gen — and then furnish the tank with all the oxygen (air) 
you have. 
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There are some operators who say that they want to have a 
“sludge reserve” for return at augmented rates when troubles 
appear. Well, all I have to say is this: They are just inviting a 
lot of trouble. It is ideal (on paper) to have a big reserve sludge 
tank that can be kept thoroughly activated all the time from which 
the so-called “shock troops” may be obtained. I know one plant 
(London, Ontario) working on this basis, but it costs the 
municipality a lot of money. Actually what those fellows do in 
London is to return super-aerated sludge to the sewage in the 
——- tank. This aerated sludge acts rapidly. When I heard of 
the theory of zeolite action by sludge, I thought right away about 
the London scheme, because the operation at this plant is probably 
as good an example of such action as anything I have seen. 
Sludge is reaerated for about twelve hours. The contact with 
the sewage is less than two hours. There is no question but that a 
good plant effluent results, but the power requirement certainly 
reflects the high cost of sludge reaeration. And, every so often 
something has to be done to retard the activity of sludge in the 
reaeration stage. 


Chlorination. 


Now this discussion has developed to the point at which I will 
refer to chlorination and its uses pertinent to activated sludge. 
First, considerable can be accomplished by chlorinating up-sewer 
to suppress septic action in sewage. This has been demonstrated 
better perhaps in Los Angeles County than anywhere else. There 
it was impossible to treat more than about one-half the sewage 
flow until up-sewer chlorination was instituted. It was really 
remarkable how readily the sewage quality was modified and the 
entire flow could be handled once chlorination was established. 

Then, there is return sludge chlorination, which was really 
“born” in Ohio, and credit goes to E. E. Smith of Lima and to 
M. W. Tatlock of Dayton for having initiated this procedure. 


After Smith and Tatlock told us about chlorination of return 
sludge the next place at which we heard of its use was at Lan- 
caster, Pennsylvania. I may say, that too much chlorine in the 
chlorination of return sludge results in peptization, and a “milky” 
effluent is an indication of such. However, return sludge chlor- 
ination certainly has possibilities, as has been demonstrated at 
other important plants. At Lancaster, aero-chlorination is now 
being used for grease separation and Mr. Weist, superintendent, 
has written me that he believes aero-chlorination is better for his 
purpose than return sludge chlorination, for the reason that it 
separates grease which previously he had found in his activated 
sludge. In other words, it is doing two jobs, so to speak. 


Phoenix, Arizona, has been practicing concentration of waste 
sludge for some time, sending it directly to the digester and 
chlorinating the digester supernatant liquor for return to the 
aeration units. This has done a lot of good, but now, in addition 
to this practice, the Phoenix authorities have gone to chlorinat- 
ing the return sludge. 


Now why does this chlorination of return sludge work? I 
again wish to emphasize the fact that I advance probable reasons, 
largely personal opinions. First of all, bacterial control is 
accomplished, that is, control of the growth of saprophytic organ- 
isms, not the organisms we see on 37 degree plates but those 
that take up so much oxygen. In this group are the bacteria of 
fermentations and the sulphate splitters. They produce a lot of 
COz, a lot of hydrogen sulphide, and a lot of trouble for a lot 
of operators. I liken their presence or absence to cold weather 
versus hot weather conditions. In other words, if you can 
suppress bacterial activity through your aeration tanks, these 
organisms are not present to draw upon the oxygen and to dis- 
sipate it rapidly. There is less oxygen demand in the absence 
of these organisms. For one, I do not believe that saprophytic 
organisms, as a general rule (certainly not anaerobic organ- 
isms), have a place in a sewage plant, other than in the digestion 
tanks. 


The second reason why chlorination of return sludge works is 
that control is had of filamentous growths. I frankly believe 
sphaerotilus and other slime forming organisms which we find 
in activated sludge (like pH and dissolved oxygen) furnish an 
index of conditions. I believe the deficiency of oxygenation is 
the real cause of bulking and that filamentous growths, since 
they will not grow unless a low oxygen balance is had, are 
principally an indication of a deficiency of oxygen. Chlorine 
suppresses the rate of dissolved oxygen disappearance and main- 
tains the oxygen balance. In doing this, filamentous growths are 
controlled. I have seen these biological growths in streams 
below sewer outfalls, as many of you have, but they disappear 
just as soon as you begin to get to a stable or balanced oxygen 
condition. The activated sludge process, with controlled application 
of chlorine to return sludge, does not “stub its toe” at the inlet 
end of the aerators and, therefore, does not come limping down 
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<o the finish line. This practice has accomplished much at Lima, 
Ohio; Phoenix, Arizona; and Houston, Texas. As a matter of 
fact, I believe that at Houston the greatest benefits of all have 
been accomplished by chlorination of the return sludge. 


In this connection I will first read from a letter which | 
recently received from D. Travaini, superintendent, relative to an 
experience at Phoenix, Arizona. In part he says: “In April of 
this year we had a beautiful case of bulking. Our convention 
(Arizona Sewage Works Association) was three days off and 
we weren’t happy with our results. The aerators were so full of 
filaments that the sludge had completely lost its identity. W@ran 
an emergency chlorine line from our chlorinator to our reaerator 
and in five days our bulking was completely gone. One hundred 
pounds of chlorine per day did the trick. The chemical dosage 
(based on volume of sludge returned) amounted to 5 to 6 p.p.m. 
of chlorine. Since then we have played around with chlorinating 
our sludge. Our plant is up to design capacity, but in spite of this 
fact, by using 75 to 100 pounds of chlorine per day, we have 
been able to eliminate one aerator from service at a saving of 
about $50.00 per month, in favor of chlorine over power. We had 
a serious breakdown in the aerator in question so we had to follow 
the procedure mentioned but it worked, so we planned to continue 
this practice.” 


Houston, Texas, has for some years suffered with an overloaded 
activated sludge plant. Although at this time the plant is in the 
process of being enlarged, the boys down there are due a lot of 
credit for keeping the present plant on as even a keel as they 
have. I wish to read from a paper by William Pralle, assistant 
city engineer in charge of sewers, at Houston. This paper, which 
deals with the operation of the sewage treatment plant, was 
presented before the Texas Water Works Association. I quote 
from the paper as follows: 


“Another advantage of an activated sewage treatment plant 
is that with a little larger operating cost, from about $1.50 to 
$2.00 per M.G. according to the delivered cost of chemicals, 
the plant capacity can be increased without spending a young 
fortune for permanent construction of extensions. 


“To make myself clear, I do not mean to hold back on 
proper capacity to meet average daily flow of activated sludge 
plants, but do believe in having the plant equipped with a 
chemical unit to be used in emergencies, and at times when 
the plants appear to be overloaded. 


“The South Side Sewage Treatment Plant in Houston, 
employing the activated sludge process, has been increas- 
ingly overloaded in both aeration and sedimentation capacity 
for several years. The result has been that the general 
difficulty, commonly referred to as ‘bulking,’ was almost 
continuously present. In the Spring of 1937 a plan for 
experimentation was adopted, whereby chlorine and chlor- 
inated copperas, or either one of these chemicals as found 
best by experience, was to be applied during the treatment 
process. 

“Chlorine alone has been applied to the returned sludge at 
Houston, just prior to mixing with the incoming raw sew- 
age, since May 16, 1937, and the resulting improvement in 
the plant effluent has been very satisfactory. 


Only a portion of the data collected is in form for pres- 
entation here, but the following indicates the general im- 
provement so far realized in the plant effluent. 


“The average 5-day B.O.D. of the plant effluent for four 
months prior to chlorine application was 66 p.p.m. and 
the filterable suspended solids 96 p.p.m. The average B.O.D. 
determined daily for the two weeks, May 16th to June Ist, 
was only 37 p.p.m., or almost half. And, the filterable sus- 
pended matter for the same period was likewise cut practically 
in half. 
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“Chlorine was applied at the average rate of 5.34 p.pm to 
the returned sludge. At this particular plant the volume oj 
returned sludge is, for operating reasons, much higher than 
is usually practiced in per cent of raw sewage treated 
The average aeration time at this plant 1s Practically 2: 
hours, so that the reduction of the volume of returned sludge 
made possible by chemical treatment, has produced part of the 
benefits. 

“During chlorine application microscopic examination 
made daily has shown a distinct reduction in number oj 
filamentous organisms in the sludge. * * * 


“It has further been definitely found that effective contro) 
of chlorine application is necessary for best results, and tha 
over-chlorination will produce undesirable conditions from, 
which recovery is slow.” 


Then, in his letter referring to an operating record chart 
attached, Mr. Pralle replies to questions asked by me as follows: 
“You have referred to some of the shortcomings of the 
chlorine application, or conditioning of returned sly 
Excepting the added cost, the only comment we can offer 
at present is that a definite ‘overdosage’ is possible and shoul 
be guarded against. The limits of the amount which can be 
applied with benefit have not been determined, but our expe- 
rience has shown that a very cloudy appearance of the effly. 
ent can be obtained and this has been relieved only by reduc. 
tion in the chlorine quantities. 


“During construction incident to enlargement of our North 
Side Plant, chlorine application has been in progress for about 
90 days. The data obtained are now being compiled, and 
these promise to given even more satisfactory information, 


“Questions of ‘Cause and Result’ have been found which 
have not been answered to our satisfaction, so that all com- 
ments are welcome. For instance, attention is directed to the 
greater difference between suspended solids and B.OD. 
content of plant effluent during chlorination than prior to 
chlorine application. (Mr. Pralle is referring to the fact 
that B.O.D of the effluent improved more markedly than the 
suspended solids reduction would indicate—Ed.) Our labora- 
tory methods in all instances have been the same, and two 
questions are: (1) What has happened to the B.O.D. of 
those suspended solids which tests indicate are present in the 
effluent? (2) If the B.O.D. test of the effluent has been 
vitiated by this small amount of chlorine (as some seem to 
think is the case) why, then, is the B.O.D. reduction still 
evident in the analyses of water of the receiving stream 
below the plant?” 


The reason I have read excerpts from Mr. Pralle’s paper is to 
call attention to the fact that as long as the plant is perform- 
ing better, the effluent is good, and the dissolved oxygen condi- 
tions downstream are good, an operator need not be concerned 
as to the exact technical explanation of the chlorine effect. 
However, it would be interesting to have more exact knowledge 
of the effects. This paper, with the accompanying analytical data, 
indicates that when you have difficulty in keeping your oxygen 
input up to a satisfactory level, it is a pretty good idea to return 
a thin sludge at higher rates, than a thicker sludge [longer 
removed from the aeration cycle) in lesser volume. The interest- 
ing thing with reference to the data at the Houston plant is what 
happened to the B.O.D. of the plant effluent when chlorination 
of the return sludge was stopped. As Mr. Pralle has stated, 
after the discontinuance of return sludge chlorination for a 
period of ten days, just about ten days with chlorination was 
required to get the plant back in a satisfactory condition. These 
results and Mr. Pralle’s experiences at Houston strengthen my 
belief that there is a very tangible “something” to the chlorina- 
tion of return sludge. 
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Hooker Liquid Chlorine yooker has 
been providing high quality, high purity 
liquid chlorine to water works, filtration 
plants and sewage systems for years. The 
vigilance of water works officials plus the uni- 
formly dependable supplies of Hooker Liquid 
Chlorine have helped to maintain the high 
sanitation standards of the United States. 


Hooker Liquid Chlorine, of consistently high 
purity, is available in tank cars containing 16 
and 30 tons, multi-unit cars containing 15 one- 
ton containers and in cylinders containing 100 
and 150 lbs. 


Send For These Booklets 


Hooker Chlorine and Caustic 
Soda Booklets contain helpful 
information on these two 
chemicals. Physical and chem- 
ical specifications, precautions 
in handling equipment for 
storing and shipping, uses and 
tests are included. Copies sent 
free of charge when requested 
on your letterhead. 


HOOKER 
ELECTROCHEMICAL 
COMPANY 


9 UNION ST. NIAGARA FALLS, N. Y. 


New York, N. Y. Tacoma, Wash. 
Wilmington, Calif. 
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The Chemicals you Need... Quality You can 
depend on... from Hooker 





Hooker Caustic Soda 34. :¢; Caustic 


Soda is produced in our well-known and now 
nationally used Hooker type “S” electrolytic 
cells. It is of the same high purity and uni- 
formity as other Hooker Chemicals. The 
flake form is shipped in drums of 100 or 400 
Ibs., the solid forms in drums of 220 or 700 
Ibs., and the liquid 50 and 70% solutions 
are shipped in drums of 700 Ibs. or tank cars. 


Hooker Ferric Chloride t4,oker Ferric 
Chloride solution for sewage treatment, con- 
tains approximately 40-45% Ferric Chloride. 
It is supplied in 13 gallon carboys containing 
150 lbs. and in tank cars containing 25 tons. 


Hooker’s Technical Staff tong with 
Hooker’s production of Chlorine, Caustic 
Soda and Ferric Chloride goes the offer of 
help on any of your problems involving the 
use of these chemicals. Hooker’s Technical 
staff is continuously working with these 
chemicals and their specialized knowledge is 
available to help you overcome your diffi- 
culties. 


HOOKE 
CHEMICA 


8293 


W. & S. W.— ReFerence & Data — 1946 














R-230 


SERVICING OF POROUS AIR DIFFUSERS 


By FRANK C. ROE 


Director of Sanitary Sales, The Carborundum Co., Niagara Falls, N. Y. 


To maintain the high efficiency of porous diffuser plates and 
tubes of the type used for aeration in sewage and water treat- 
ment plants, their operation should be checked regularly. Par- 
tial clogging of the porous structure may occur for a number 
of reasons, thereby decreasing the effectiveness and increasing 
the cost of aeration. 

The writer and his company have made a study of the various 
methods of servicing diffusers necessary to maintain their effi- 
ciency for a reasonable life. 


The most immediate and positive indication of obstruction 
within the diffuser structure is an increase of compressor or 
blower pressure necessary to supply a given quantity of air. 
Visual examination of the aeration tank or tanks will also dis- 
close non-uniformity of diffusion which may be due to a par- 
tially clogged condition. This is a practical determination but 
not so conclusive as the first. 

Diffusers may become clogged on either the air side or on the 
liquor side; that is, on the top or bottom of plates and on the 
outside or inside of tubes. Both classes of clogging may be ex- 
perienced simultaneously, but are avoidable to a great extent. 


Liquor Side Clogging 


1. Suspended Solids: Perhaps the most common type of 
clogging is caused by interruption of aeration during which the 
solids in water, sewage, sludge or mixed liquor settle and the 
water content filters through the diffusers into the air duct. 
Most of the solids in suspension are intercepted at the diffuser 
surface, but a definite proportion, depending on the pore size, 
will enter the top 1/16 to % inch of the structure. When aera- 
tion is resumed all of these particles will not be blown out of 
the structure and cumulative clogging results. 


Maintenance of continuous air delivery, at least to some de- 
gree, is the positive way to preclude this trouble. Temporary 
cessation of the air supply is not impossible with modern equip- 
ment, but the usual auxiliary blowers with standby power units 
and inexpensive automatic control equipment will largely elim- 
inate shutdowns. 

Care should also be taken not to over-design in the matter 
of diffuser area. Not less than one cubic foot of air per min- 
ute should normally be discharged per square foot of diffuser 
area. Insuring a higher rate, so as to maintain good air ve- 
locity through the pores as well as uniformity of diffusion from 
the entire diffuser area, is better practice still. 


2. Organic Growth: Another form of liquor side clogging is 
growth of bacterial and protozoa life in the uppermost portion 
of the porous structure. This may be attributed, at least par- 
tially, to non-uniformity of diffusion. All of the diffusers con- 
trolled by a single valve may not have similar permeability rat- 
ings, or the individual areas of any particular diffuser plate 
or tube may not be uniform one with another. 

As suggested, it should be possible to avert clogging of this 
nature by careful installation and selection of plates or tubes. 
All units controlled by a single air valve should have a sim- 
ilar permeability rating within limits of 0.5 cu. ft. or less. Uni- 
formity of individual diffusers depends upon precision and per- 
fection in manufacturing. 
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Plate Cover for Protecting Diffuser Plates During Setting 





[For an excellent discussion of “The Economics of Cleaning 
Air-Diffusion Media” see the magazine section of this issue.] 
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Plate 1—A Section of Aeration Tanks (Sewage Treatmen 
Plant, Golden Gate Park, San Francisco), an Example of Uni- 
form Diffusion 


3. Miscellaneous: Very often protection from cement grout 
(or other material used to install plates), dirt, debris, ete., js 
not provided during installation or when tanks are empty, and 
appreciable surface clogging results. A plate cover (see sketch) 
should be used to shield plates from cementing materials dur- 
ing installation, and other protective measures should be ob- 
served when tanks are empty. 


Air Side Clogging 


1. Dirt in Air: Air containing a high quantity of soot or 
other impurities is a major source of clogging on the underside 
of diffuser plates or inside of diffuser tubes. Selection of ef- 
fective air filters and care in locating the air intake are ob- 
vious preventatives. 


The thought should be injected here that diffusers of higher 
permeability than the type used during the early days of sew- 
age aeration are undoubtedly subject to less clogging of this 
nature because of relatively larger pores through which many 
of the fine suspended particles pass rather than stop. It is doubt- 
ful if the air bubbles released from higher permeability dif- 
fusers are very much larger than the bubbles discharged from 
the earlier low permeability grade of diffuser. The fact re- 
mains that higher permeability diffusers have not been less ef- 
fective than those of lower ratings previously specified. 


2. Oil in Air: Reciprocating compressors are now rarely 
used in sewage aeration, but the oil which they force through 
air lines is responsible for pronounced diffuser pore plugging. 
Fortunately, the low pressure required for sewage aeration per- 
mits the use of rotary blowers of the centrifugal or positive 
displacement type. If reciprocating units must be used for any 
reason, an oil trap or filter of some kind should be used be 
tween the compressors and the diffusers. 


Certain types of primary air filters depend on the use of an 
oil for cleaning or renovating. In this operation it is recom- 
mended that a partial wash with a solvent be given after the 
oil treatment so that oil will not be blown free and carried 
through the diffusers. 


3. Air Pipe Rust or Scale: It is generally recognized that 
cast iron pipe as a material for air lines is sufficiently resistant 
to corrosion from moisture to be considered to have almost an 
endless life. Genuine wrought iron is likewise considered sat- 
isfactory. Galvanized or sherardized steel pipe would be con- 
sidered suitable for relative short periods of life, while ordinary 
black iron pipe or steel is not suitable. 

In spite of the consideration given to this phase of air pipe 
design, there is evidence that some air side clogging is ca 
by iron oxide in the form of rust particles and scale. 

There are economic considerations involved in preventing this 
source of clogging. Aluminum and copper pipe have been t 
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Plate 2—An Illustration of Good Uniformity of Diffusion on the Left; Poor Uniformity on the Right. (Photographs Taken Look- 
ing Down on Diffusion Plates in Testing Apparatus) 


for the smaller air lines and are recommended along with other 
types of corrosion resistant pipe. However, if the use of such 
pipe raises the installation cost appreciably it should be bal- 
anced against the estimated cost of diffuser servicing and re- 
placement. 


4. Miscellaneous: Air lines left in a dirty condition after in- 
stallation can cause clogging of considerable magnitude. The 
remedy is obvious. Cast iron diffuser plate containers may cause 
the same difficulty as does iron piping, but to a lesser degree. 
Mr. William M. Piatt has avoided this possible source of trou- 
ble in designing containers for some of his plants in North Car- 
olina, by using aluminum container linings. At other plants 
the entire plate holder is to be of aluminum. 


Restoration of Diffuser Efficiencies 


Because of the diversified types and degrees of clogging ex- 
perienced in the 100-odd activated sludge plants in the country, 
it is natural to expect that there are many methods of cleaning 
in use. Lacking information on the subject, plant superintendents 
and operators have, more or less successfully, devised and de- 
veloped individual methods of their own. 


The writer’s company, in addition to considerable experi- 
mental work in the research laboratories. has fostered a survey 
among those in charge of plants throughout the United States 
and Canada, believing that many practical methods of diffuser 
cleansing would come to light. The response to our inquiries 
and the cooperation received has been most gratifying and has 
made it possible to present the outline to follow. Some of the 
methods have been improved, amplified or supplemented as the 
result of certain research work which we have conducted. 


Methods employed in diffuser cleaning can be divided into two 
general classes; viz., methods applicable to diffusers in place 
(suitable largely to liquor side clogging) and methods which are 
adaptable only to removed diffusers. Tubes are cleaned for the 
most part by the latter method because they may be quickly and 
easily removed. The methods to follow are not given in an order 
to indicate preference. 





Cleaning Diffusers in Place 


1. Caustic Treatment: Clean aeration tank and surface of 
diffusers thoroughly with hose.stream and leave about % in. 
of clean water over plates, providing the slowest practical air 
diffusion during this period. Dissolve about 1/10 lb. commer- 
cial lye crystals over each square foot of plate and then shut off 
air. Allow solution to penetrate plate (10 to 15 minutes), add 
more clean water, and then turn air on a maximum rate. (Note: 
This method is chiefly applicable to removal of organic com- ° 
pounds.) 


2. Sand Blasting: Dry plates thoroughly by draining con- 
tainers completely and blowing out porous structure with air 





Plate 3—Diffuser Plates Stacked in Furnace for Burning-Out of 
Organic Matter. (More Clearance Between Plates Preferable; 
See Method 14) 
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applied at high rate. Sand blast plate surface with usual type 
of sand blast equipment, using “Blastite” Grain. Remove not 
more than 1/32 in. from surface, maintaining maximum air 
discharge during the operation. One minute or less is required 
to clean a plate by this method. 


3. Surface Spalling: Dry plates by draining containers and 
blowing out porous structure with air at high rate. Apply oxy- 
acetylene flame with oxygen at 10 lbs. pressure and gas at 5 lbs. 
pressure. The flame should be applied almost parallel to the 
diffuser surface, i. €., at as acute an angle as possible. Remove 
from .010 in. to .015 in. of diffuser surface. Sweep off and rub 
surface smooth with a Carborundum rubbing block. Sweep off 
particles again. Leave air on during entire operation. 


4. Burning Out Surface: Dry plates by draining containers 
and blowing out porous structure with air at high rate. With 
air off, saturate each plate with one quart of alcohol and apply 
heat with blow torch. Dry and brush off surface. 


5. Acid Washing and Scrubbing: Dry plates by draining con- 
tainers and blowing out porous structure with air at high rate. 
With air off, apply a 30 per cent solution of hydrochloric (mu- 
riatic) acid to the surface liberally and allow same to penetrate 
somewhat before turning on air at a low rate. Scrub with a 
stiff brush, using more acid if necessary. Follow with a clean 
water wash and scrubbing with a wire brush, continuing air 
discharge at a somewhat higher rate. (Note: This method is 
chiefly applicable to removal of inorganic compounds.) 


6. Vacuum Cleaning: This method has not been proven but 
was suggested by authorities at the Milwaukee Sewage Treat- 
ment Plant, where a trial was intended. A vacuum pump was 
to have been used with a suction inlet of small area which would 
be held closely against and moved back and forth across the 
diffuser surface to be cleaned. 


7. Rest: Dry plates by draining containers and blowing out 
porous structure with air at high rate. Allow diffusers to rest 
while dry for a week or more. (Note: The theory of this treat- 
ment is that the change of conditions will cause the bacterial 
and protozoa growth in the porous structure to die.) 


8. Chlorine Treatment:* Introduce a strong dose of chlorine 
into the branch air line leading to each diffuser assembly for 
several minutes during a low rate of air flow. Following by 
blowing out diffusers with the maximum possible rate of air 
flow. (Note: This method is chiefly applicable to removal of 
organic compounds and carbonates.) 


9. Steam Backwashing:* Dry diffusers by draining and blow- 
ing out porous structure with air at high rate. Introduce steam 
into the branch air line at 10 lbs. pressure and scrub diffuser 
surface simultaneously with a stiff brush. 


10. Water Backwashing:* Introduce clean water into the 
branch air line under pressure of 15 to 20 Ibs. per sq. in. Scrub 
diffuser surface simultaneously with a stiff brush. 


Cleaning Removed Diffusers 


11. Acid Pickling: Wash diffusers with water (use hose and 
brush). Set in a vertical position and allow to drain and dry 
as much as possible. Soak in 30 per cent solution of hydro- 
chloric or nitric acid for four hours. Wash with water. (Note: 
Use Hydrochloric acid if it is desired to dissolve inorganic 
compounds and nitric acid if it is desired to oxidize organic 
compounds. ) 


12. Caustic Treatment: Place diffusers in vessel containing 
a 10 per cent solution of sodium hydroxide (lye) and boil for 
about one hour. Remove from this solution and wash thor- 
oughly in boiling water. (Note: This method is only applica- 
ble to partial removal of organic compounds, chiefly fats, which 
are saponified by the caustic soda and then dissolved in hot 
water. ) 


13. Sandblasting: Dry diffusers thoroughly (preferably in an 
oven of some kind) and sandblast (Method 2) on either or 
both sides, as required. It is recommended that, where prac- 
ticable, the diffuser be inserted in a container which will make 
it possible to force air through it at a high rate during the op- 
eration. This will eliminate any clogging by the dust created. 





*Methods applicable to tubes or plates and of some benefit also 
in cleansing the air size of diffusers. 
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14. Burning: This method is applicable to diffusers of the 
fused crystalline alumina type. Place diffusers in a fy 
kiln in any convenient position, leaving a space of not less th 
Y% in. between units. Raise temperature gradually during | 
hours to about 1000 deg. Centigrade and then allow to coo| 
ually. The cycle should take at least 16 hours. Fuel of any king 
is satisfactory, but care must be taken to avoid impingement g 
flame against diffuser surfaces. 
digestion was used. 


Selection of Method 


Every plant operates under conditions peculiar to itself, whig 
will prove a factor in the ease or difficulty of diffuser servic. 
ing and the methods of cleaning which can be, or should 
used. One method may work satisfactorily in one place but be 
wholly unsatisfactory in another place or at another time. 


In general, methods used on diffusers in place are not bett, 
than 75 per cent effective and range down to as low as 10 
cent where the clogging is almost wholly on the air side. Meth. 


ods of cleaning removed diffusers are much more effective ay © 


are from 60 to 95 per cent effective. It is usually a combi. 
tion of two or more methods which will produce the best rp. 
sult; because, any single method is not a cure-all. 


The combination of causes and degree of clogging vary greg 


ly and therefore it is not possible to give a rating of effective. § 


ness to each method of restoration. It can be stated, however 
that acid pickling of removed diffusers (Method 11) followe 
by burning in a furnace or kiln (Method 14) is 90 to 100 pe 
cent effective, regardless of type or degree of pore plugging 
This combination is therefore, recommended where serious clog. 
ging exists. 

A simple improvised furnace can usually be built at a sewag 
plant to refire diffusers, other considerations being satisfa. 
tory. .Where this work proves impracticable in the field, th 
writer’s company will use its kilns at Niagara Falls for refiring 
when requested. Such arrangements would offer an added a- 
vantage in that refired diffusers can easily be retested and rate 
so that they may be proper!y re-installed thereafter. 

The above suggests the consideration of providing a simpk 
permeability testing apparatus at sewage treatment plants which 
would be useful in re-rating removed diffusers which have been 
cleaned at the plant. Even though original markings are re 
tained, which is doubtful, all units will not respond equally to th 
cleaning method employed and will have a new permeability 
rating which should be determined when re-installation is mae 


For acid pickling (Method 11) a wooden tub is satisfactory. 
The caustic treatment requires an iron kettle because of th 
boiling operation. Workmen should use precaution in thes 
methods by wearing rubber gloves, aprons, etc. Tongs can k 
used to handle diffusers. 


Where existing plate containers do not permit simple mechat 
ical plate removal, a joint composed of sand in the bottom 4 ia 
and cement grout in the top, is recommended for setting plates 
in holders. This will save time and avoid plate breakage 
removal becomes necessary. Plates so installed should be st 
with a lime mortar under the supporting edges to insure an eve 
bearing. 


Conclusion 


The practice of regular servicing should be stressed if th j 


diffusers in any plant are subject to a known source of clogging 
If this is done, whether it is apparently needed or not, the per 
meability will be maintained indefinitely, in all probability, and 
one or more of the simple and least costly methods of revivifice 
tion can be employed. 


Because of the several potential sources of diffuser pot 
plugging which exist, and because many of these cause air side 
clogging, the use of plate containers which permit easy remov 
of plates is recommended. Ease of removal and replacement 
one of the important advantages of diffuser tubes for sma 
plants. In this connection the new “swing” diffuser and statior 
ary diffuser equipment offered by the Chicago Pump Company 
is highly recommended 


Diffusers of high permeability are less subject to clogging be 
cause of larger pores. They operate on a slightly lower af 
pressure than low permeability diffusers. Because of these at 
vantages, and the fact that effectiveness of aeration is 
decreased (compared to that provided by low permeability dif 
fusers), plates of a higher rating are recommended. 





At Decatur, IIl., gas from Sludg, 








eS ee 


ra 


lat 











es 


, 





TS of th 
Urnace a 

less thay 
dur ing i} 
001 grag, 
any kin 
yement 0 
om Sludg, P 





JOHN NOOTER BOILER WORKS CO. 


1410 SOUTH SECOND STREET ©@ ST. LOUIS 4, MISSOURI 


TELEPHONE: G ARFIELD 5338 






































ee ee eee 


2 SERVICE TO WATER WORKS AND 
Sif) SEWERAGE DISPOSAL PLANTS 

10t better 

| ____NOUTER)________- 
vt ee SOY) 





Combing. 
tre & 


se STEEL AND ALLOY PLATE FABRICATION * ASME 
Teat- & 

— WELDING ® METAL SPRAYING © STEEL STACK 
ed FABRICATING AND ERECTING © STEEL BOILER 
Us clo REBUILDING *® HEAVY MACHINING AND TOOL- 


t sewage ING © DIFFICULT FORMING AND PRESSING. 
eld, th 

refiring 

Ided af- Metal spraying equipment of 

nd rated latest type, restoring worn 


bearing area. 
a simple 
ts which 
ave Deen 
are fe 
lv to the 





Track mounted flame cutting machine (lower photo) 





neabilty and modern planograph for precision cutting of 
vise: steel (upper photo). These tools indicate the mod- 
factory. we ern equipment in the Nooter plant. 
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PNEUMATIC GRIT WASHER AND EJECTOR 


By NELSON M. FULLER 


Superintendent, Water Works and Sewerage 
Olean, N. Y. 


HE removal of grit at the Olean Sewerage Treatment Plant 

is a very important detail of plant operation. Large quantities 
are received from storm drainage and from railroad repair shops. 
Also large amounts of sewage solids settle out in the grit cham- 
ber. Former methods of removal by hand, chain hoist and truck 
followed by burial were very disagreeable, being akin to cleaning 
out a large privy each week. 


Formerly six man-days were required to carry out this opera- 
tion, whereas the air lift system now in use washes the grit and 
disposes of it in thirty minutes. A mechanical conveyor system 
proposed for the removal of the grit would have cost $5,000. 
Using scrap materials and our own welders the air-lift pumping 
equipment herein described cost under $100. 


The air-lift system was limited in design to the use of air 
from our own portable air compressor of 105 cubic foot capacity. 
This permitted the use of a six inch flow pipe. An air lift pump 
is simple to construct after the correct size pipe is found which 
will give a uniform flow without “blowing through.” The air 
water mixture must have a velocity upwards of ten feet per 
second. The foot-piece (the air and water mixing device) was 
designed so that in this case no obstruction to the free flow of 
grit, small sticks, and the rags which sometimes pass the bar 
screen could get fouled at the entrance. 


The sketch accompanying this description shows a detail of the 
foot piece, which was made by boring fifty-six three-sixteenth 
holes in a thirty inch section of six inch pipe. This section of 
pipe was then placed into a piece of eight inch pipe and welded 
at both ends. The one and one-quarter inch air line was cop. 
nected into the eight inch casing. A small tank was picked UD as 
junk and was used for the air and water separator or receiver. 

It will be observed from the sketch that the grit discharge line 
from the receiver can be closed and that the grit and solids cay 
be recirculated to secure any desired period of washing action 
in the grit chamber proper. After a suitable period of washing 
the grit is allowed to settle and the sewage solids which are then 
in suspension in the grit chamber are flowed into the settling 
tanks. When this is completed the washed grit is removed by the 
air lift pump and discharged to the point of final disposal, which 
in our case is the Allegany River. 

In order to clean out the corners of our grit chamber and to 
hold sewage solids in suspension air jets have been arranged to 
agitate the grit in these areas. 

There is an excellent paper on this type of air lift adaptation 
in Sewage Tanks Journal, Volume V, No. 3, pages 509-522 by 
H. Blunk, Engineer, The Emscher Genossenschaft, Essen, Ger. 
many, titled “A Contribution to the Design of Grit Chambers” 
translated by G. P. Edwards of New York. 
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Details of the Olean Pneumatic Grit Washer and [jector 
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CATHODIC PROTECTION IN MECHANICAL SEWAGE FILTERS 


ECHANICALLY cleaned sand filters 
N for treating sewage became quite pop- 
ylar during the last decade due to their 
ability to produce uniform, | polished, 
‘fluent. While they temporarily fell into 
disrepute due to operating difficulties they 
are bound to stage a comeback if the causes 
of these troubles can be eliminated. 


Much has been written on sewage sand 
filters by Zack in the Sewage U orks Jour- 
yal and a series of up-to-date articles was 
published by Streander in Water Works 
and Sewerage. 

These filters first followed the pattern of 
the old, backwash type water filters both 
in this country and abroad. The first mod- 
ern type filter, the magnetite filter, was in- 
stalled at Dearborn, Mich., in 1932. Many 
similar installations followed. The first 
silica sand filter with a hydraulic type of 
automatic washer was built by the Under- 
pinning and Foundation Co., Inc., at South 
River, N. J., in 1937. 

Both these modern filters have several 
features in common: a comparatively thin 
laver of sand (2 in. to 6 in. deep) is sup- 
ported by copper or bronze screens which 
rest on steel gratings. A mechanical cleaner 
travels over the sand bed at certain inter- 
vals when the hydraulic head through the 
filter exceeds a certain limit. Some units 
are combined with circular settling tanks, 
located on their peripheries, others are 
self-contained, annular shaped or rectan- 
gular. 

W. G. Laughlin of New York, inventor 
of the first magnetite filter, was the first 
to realize the disadvantage of using cop- 
per and steel submerged in sewage and de- 
veloped the “Simplex” filter where the 
sand support consists of broken stone and 
underdrains. The International Filter Co. 
recently announced a new filter providing 
hard rubber screens and steel gratings for 
supporting the sand, the purpose of this 
combination being to eliminate galvanic 
corrosion. The manufacturers of the mag- 


By ALBERT B. KOZMA 
Superintendent 
Joint Meetina Sewage Treatment Plant 
Rutherford, N. J. 


netite filters have been experimenting with 
wooden instead of steel gratings. 


Investigation by the A.S.C.E. 


The Second Progress Report of the San- 
itary Engineering Division on Sewerage 
and Sewage Treatment published in the 
\pril 1944 issue of the Proceedings, Ameri- 
can Society of Civil Engineers, pages 483 
and 484, says the following about mag- 
netite filters: 


“Effluent filters of crushed magnetite, ar- 
ranged for cleaning by means of solenoids, 
have been abandoned at Denver, after six 
years of effort, to remodel the apparatus. 
Because of mechanical difficulties, uninter- 
rupted operation could not be secured for 
even 30 days. The principal troubles were 
difficulty in insulating the solenoid wind- 
ings so that the underwater service could 
be maintained, difficulty in maintaining a 
filter bed of uniform thickness, CORRO- 
SION OF FILTER SCREEN AND ITS 
SUPPORTS, and a loss of filter material. 
During the six years the actual efficiency 
of the filters could not be determined be- 
cause of short periods of operation. The 
power usage was excessive. The removal 
of solids was relatively expensive. 

“At Cleveland, in the Southerly Plant, 
Ellms also reports a high cost of operation 
and upkeep, WITH DIFFICULTIES SIMI- 
LAR TO THOSE AT DENVER, except for 
the insulation of solenoid windings. Little 
benefit was indicated in filtering the trick- 
ling filter effluent. 

“At Minneapolis-St. Paul, the effluent 
filters were in service for only a few days 
each year from July 6, 1938 (for example, 
39 days in 1942). The erosion and displace- 
ment of the magnetite sand on the beds 
proved a major difficulty. THE STEEL 
GRATINGS SUPPORTING THE SAND 
CORRODED AS AT DENVER.” 


The remarks pertaining to corrosion 
(stated in capitals by the author for em- 
phasis) are equally applicable to silica sand 
filters. 


The Installation at Rutherford, N. J. 


The Underpinning and Foundation Co., 
Inc., installed a silica sand filter at Ruth- 
erford, N. J., in 1940. The filter has two 
annular or circumferential shaped beds ar- 


ranged concentrically, with a total effective 
area of 2780 sq. ft. and it is rated at one 
and one-half gallons per sq. ft. per min. 
for a peak flow of 6 million gallons per 
day rate. The actual flow to date has not 
exceeded 2.4 mgd. and either one of the 
two filter beds will handle the normal flow 
rates. This arrangement provides for a 
standby in case either one of the units has 
to be taken out of operation. The filter is 
preceded by chemical and biological treat- 
ments, the latter provided by four stand- 
ard trickling filters and two secondary 
settling tanks, the settling tanks being de- 
signed for two hours’ detention. 


Operation started on Jufy 1, 1941, and 
continued that month-and through August, 
with an average of 17 normal mechanical 
cleanings of the sand beds per day. In 
September the equipment had to be shut 
down for three weeks for manual clean- 
ing of the screens, and again for three 
weeks in October. In November and De- 
cember the filter was not operated due to 
mechanical difficulties. Operation was re- 
sumed in January 1942, and only one week 
was lost to permit manual cleaning during 
this month. From February 1 we were able 
to operate continuously until April 4, the 
number of daily normal washes ranging 
between 18 and 19. 


Summarizing the above period of opera- 
tions from July 1, 1941, to April 4, 1942, 
the filter was running only 52 per cent of 
the total time. Following this period the 
equipment had to be shut down, all the 
sand removed, the copper screens and steel 
gratings taken out and trucked to the con- 
tractor’s shop and cleaned with a power 
operated rotary steel brush. The gratings 
were left unpainted. 

Operations were resumed on August 9, 
1942, and continued until September 26, 
when the filter was bypassed for one week 
to permit manual cleaning. It was operated 
again between October 3 and November 
7, November 14 and January 16, 1943, Jan- 
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The Effiuent Filter of Rutherford, N. J—Capacity 4 MGD. 
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(Consists of Tevo Annular Mechanically Washed Sand Beds, the Underdrainage System of Which Is Now Cathodically Protected.) 
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Frequency 
which speaks for itself.) 


uary 23 and February 13 respectively, when 
it had to be shut down for the rest of 
1943 to avoid repeated manual cleanings 
necessary to keep it in operation. During 
this whole period, from August 9, 1942 to 
February 13, 1943 the filter was operated 
75 per cent of the total time and the daily 
normal washings averaged 5 to 8. 

This time we decided to use chemicals 
for cleaning the copper screens and steel 
gratings. After removing them from the 
filter bed we bathed them in hydrochloric 
acid diluted with water in 1:2 proportion, 


poses. 








rust and scales. 


for neutralization. 
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Operating and Non-operating Periods of Sand Filter and Record of Washing 
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(Cathodic protection was placed in operation Jan. 1, 1944. The filter has remained in 
continuous operation since and washings have been reduced to five daily—a record 


This was followed by a 
zinc sulphate rinse and clean water bath 
All the steel gratings 
were painted with various types of tar and 
asphalt base paints with the exception of 
three sections which were left unpainted 
to serve as control sections for test pur- 


In addition to painting, cathodic pro- 
tection was provided and operation re- 
sumed on January 1, 1944. Since then op- 
eration has been uninterrupted and the 
daily normal washings have been reduced 


Theory of Corrosion and Cathodic Protectioy 


Before installing cathodic protection the 
principal cause of our operating tr 
was corrosion of the steel gratings the 
product of the corrosion depositing’ ang 
plugging the slots in the copper screens 

Galvanic corrosion is a well known 
nomenon which occurs when two differen, 
metals are submerged in an electrolyte 
form an electrochemical couple. In og 
case the copper screens and stee] BTatings 
are the two dissimilar metals, and 
with the sewage as an electrolyte form , 
galvanic cell or battery. An electric cyy. 
rent is generated between the two metals 
this current transporting metallic and othe 
ions from the steel and sewage to the ¢ 
per screens. This, in our case, resulted ip 
a hard, impervious deposit on the screens 
made up of ferrous and ferric carbonate 
and oxides and served to quite thoroughly 
seal up the minute openings in the Copper 
screens. The formation of such a deposi 
results from the alkaline conditions sy. 
rounding the cathode in such a cell, 
this instance the copper screens. 

In general it will depend upon the rej. 
tive position of the two metals in the ele. 
trochemical series, shown in the following 
table, as to which metal will pass into sg. 


lution. 
Electrochemical Series 


Potent! 

Metal Velen 
| | RPE ee +2.70 
errr ee +1,28 
BE chiGenwckg os cieinsewsbenees +0.76 
BEOR cewccervvcccsevccessceeseee +0.43 
DD 66s ones eteeoaees cs ne Canwens +0.12 
BE s0tdtdchnwKeeaeenh oe bes heemwe +0.01 
NN Sr eer eT rer 0.00 
RE On 00 6600040060066 beeReRKS —0.34 
Ce RGc hens cheep phere nesnahens —1.30 
Note—This tabulation is only a partia 


list. 


The metal with the higher potential js 
the anode, and that with the lower is the 
cathode. The dissolved positive anodic 
ions tend to move from the anode to the 
cathode and, if conditions are right, the 
may be deposited on the latter. The m- 
tensity of the electro-chemical action and 
as a result, the rate of corrosion depends 
upon the difference of the potentials ani 
upon the circuit resistance. The higher th 
current flow is, the higher is the rate of 










































































trolled. Since current for cathodic protection has been 
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Note connection to rectifier from the steel support gratings for 
the copper-screen, on which rests the downflow sand bed. The 
five partially submerged graphite electrodes suspended from the 
sand cleansing unit travel around the filter with the revolving 
carriage, whose operation is intermittent and manually con- 
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nificant in amount the process is left on coniinuously. How 
ever when the cleaning mechanism is converted to automat 
intermittent operation, some current saving may be realized | 
arranging automatic cutout of the rectifier when the cleanm 
mechanism is standing idle. 
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Left—Screen and Grating Inspection. Right—Bed Cleansing Carriage Showing Suspended Arches 
(Note absence to choking deposits, but a thin protective deposition of ferric hydroxide principally and no copper. Beneath this coating 


corrosion. It is always the anode in a gal- 
vanic cell that is corroded. 

On the other hand, if the negative or 
cathodic metal in such a galvanic cell (the 
copper screen in our case) can be neutral- 
ized by some artificial means, corrosion of 
the anodic metal will cease. The direct 
cause of the corrosion of the anodic (steel) 
grating is the current flowing from the 
erating to the copper screen, this current 
flow being due, as explained, to the dif- 
ference in the potential of the two metals. 
This current flow can be neutralized or 
stopped by installing electric conductors 
(electrodes) in the form of rods in the 
sewage and imposing upon them a direct 
current from an outside source of such 
voltage and amperage that there will be 
flow of current from the installed conduc- 
tors (anodes) to the steel grating. This 
stops the flow of current from steel to 
copper, and when done, the steel is no 


longer anodic but cathodic, therefore no 
longer suffers loss of metal or corrosion. 
In brief, the naturally anodic metal has 
artificially been made cathodic, and in the 
process it gains protection from further 
orrosion; hence the term “cathodic pro- 
tection.” 
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The Selenium Rectifier 
(Rated at 8 amps. and 24 volts) 





the metal was clean and bright.) 


The new installed electrodes are now the 
anodes in our large galvanic cell and, if 
of such composition that metal is lost as 
the imposed current flows from them to 
the steel gratings and copper screens, these 
electrodes are called “sacrificial” anodes. 
Iron, stainless steel and to some extent 
graphite are of such nature. Platinum 
which is also used differs from the others 
in that it does not deteriorate and is per- 
manent. 


Cathodic Protection Equipment 


In the search for some means of making 
the filter operation practical the author 
investigated the possibility of using cathodic 
protection. Arrangements were made with 
a company engaged in supplying the equip- 
ment for steel water tanks to make the in- 
stallation. 

The equipment consists of a selenium 
rectifier unit, rated at 8 amperes, 24 volts. 
Five graphite electrodes, 2% in. in diame- 
ter, submerged three feet in sewage are in- 
stalled in front of the cleaners (see illus- 
trations), three in the outer and two in the 
inner bed so as to revolve with the cleaner. 
The negative side of the rectifier is con- 
nected to the copper screens and steel 
gratings and the positive side to the elec- 
trodes. Approximately 3.9 amperes of cur- 
rent is furnished at 12 volts to protect the 
screens and gratings for 2,800 sq. ft. of 
nominal filter area. 

In the installation and use of this cathod- 
ic protection equipment special precautions 
had to be taken to get results. For in- 
stance, if anodic spots had appeared on the 
screens and gratings. due to improper 
bonding of the several sections of the 
screens, corrosion might have been accele- 
rated instead of arrested. Adjusting the 
current for proper density was also found 
very essential. 


Results of Cathodic Protection 


In observing the effect of cathodic pro- 
tection the change in the appearance of the 
gratings was the most significant. The first 
observations were made four months after 
commencing operations and a %4-in. thick, 
soft, brownish deposit was noted on the 
unpainted steel gratings. Chemical analysis 
indicated the absence of carbonates and the 
presence of iron and manganese hydrates. 
Copper was entirely absent. The quantity 
of iron present as Fe. was 52 per cent. The 
loss on ignition amounted to 20 per cent. 
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The deposit was soft, easy to wipe off, 
leaving a thin, black layer near the metal. 
This layer could be readily brushed off 
leaving the bright steel surface. Similar 
conditions were found also on practically 
all the painted gratings except that they 
were more irregular depending upon varia- 
tions in the protective thickness of the 
paint. The painting apparently provided 
no effective protection and failed practical- 
ly 100 per cent in a year. The copper 
screens were found tarnished but clean, the 
slots open, with occasional sand grains me- 
chanically wedged in the openings. 

The deposit contained much iron which 
was not a corrosion by-product but a pro- 
tective precipitate caused by hydrolysis, 
induced by the current and the natural in- 
crease in pH at the surface of the cathodic 
steel. The presence of the iron in the de- 
posit is readily accounted for by its use as 
a coagulent in the sewage ahead of the 
filter. 

Before the cathodic protection equipment 
was installed a gradual increase in the 
hydraulic head took place through the filter 
after a few weeks of operation, due to the 
increasing plugging up of the copper screen 
openings. Following this instal!ation, how- 













































Location of the Weather Proof Rectifier 
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ever, this head remained within a constant 
range, variation only taking place before 
and after washings. 

The observations were repeated every 
four months during 1944 and showed sub- 
stantially the same conditions, indicating 
that the soft layer forming on the steel 
gratings sloughs off after it reaches a cer- 
tain thickness. 


Operating Costs 


Our records show that without cathodic 
protection the screens and gratings had to 
be removed and cleaned at least every 12 
months. In between times other methods 
of hand cleanings had to be resorted to, re- 
sulting in a low percentage of operation. 
The first complete removal and cleaning 
in 1942 was done by the contractor; no 
cost figures are available. The second 
cleaning in 1943 including painting required 
$1,000 worth of materials and $600 of 
labor. 

Since cathodic protection was installed 
over a year ago the filter has been operat- 
ing without any decrease in efficiency. The 
electric current, based on a rate of 1.8c, 
per KWH, cost 4c per day or about $15 
per year. The electrodes have lasted a 
year so far and when it will be necessary 
to renew them the cost will not exceed $30. 


Conclusion 


Since installing the cathodic protection 
equipment we have been operating our me- 
chanically cleaned sand filter for over 
a year without any interruptions save some 
minor ones for mechanical repairs, and 
have lost practically no filtering time. We 
have made periodical observations during 
this time on the screens and gratings and 
noted the performance of the filter. 

Based on these observations we can draw 
the following conclusions : 


(a) Cathodic protection prevents corro- 
sion of the copper screens and steel grat- 


and inconveniences caused by the fr 
interruptions in operation have been eli 
inated. ” 
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"DRY CLEANING" AIR DIFFUSER PLATES 


By A. M. RAWN 


Chief Engr., Los Angeles County Sanitation Districts. 
Editorial Associate, Water & SEWAGE Works 


VERY once in a while someone does something that makes one 
stop and wonder why it has never been done before. Or, if 
ever done, why he has not heard of it. 

Maybe you have been in Southern Calfornia when, due to 
“unusual weather conditions” the winter temperature drops below 
freezing and the citrus growers start the orchard smudge-pots to 
warm up the whole outdoors and keep the crops from freezing. 
If you have, you may recollect that upon such occasions the air 
in the orchard area is so filled with thick, oily smoke that one 
cannot see a hundred feet. This winter has been such a one and 
for a number of days early this month (January) millions of gal- 
lons of oil have been burned in the smudge-pots. 

Now this may not seem to have anything to do with sewage 
disposal, but strange enough it does have. 

The city of Ontario lies right in the heart of the citrus grove 
area and, in consequence, was encompassed in a dense smoke fog 
for some time. During this period the operator of the Ontario 
activated sludge plant noticed that the pressure on the air lines 
was steadily increasing at the blowers. Attributing it to the oily 
carbon in the air, as most likely responsible for the clogging of 
the diffuser plates, he made every effort to cleanse the air by 
straining it through several thicknesses of cloth over the air inlet 
to the blowers. The cloths were changed frequently but to no 
avail. And, pressures at the blower mounted from 5 to 7% 
pounds over night. 

Obviously the diffuser plates, which had operated for more than 
a year with no building up of pressure, had to be cleaned. The 
finely divided carbon and oil in the smoke had doubtless spread 
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quite uniformly through the plate pores. The orthodox manner 
of cleaning would have been to remove the plates and clean then 
up with a solvent and, if not successful, burn out the volatile m- 
terials, possibly. The city engineer had other ideas, however, ani 
instead of bringing the plates to the solvent the solvent was taker 
to the plates. A scheme for injecting the solvent into the ai 
stream from the blowers was put into operation. 


What was actually done was to slowly pump “Aviation” grat 
of gasoline into the airline and beyond the blower. Two gallon 
of gasoline was fed into the pipe slowly during a 24-hour period 
It did the job all right, because during this period pressurt 
dropped back to normal and the trouble was completely cure 
So far, there has been no injurious effect upon the quality o! 
the plant effluent or the behavior of the sludge. 


This struck the writer as being a most unique method of over 
coming a serious difficulty. Mr. Austin Burt, Ontario’s city e& 
gineer was “the brains” behind this “solvent-solved situation’; 
and H. M. Ely, as chief operator of the plant, was “the brawn’ 


In his latest advice to the writer the “inventor” of diffuse 
dry cleaning states: “We have had to apply our gasoline remedy 
to the diffuser plates seven different times during the more ths 
two weeks of smudge conditions. Each time the pressure wa 
brought back to normal, and thus far we have been unable tv 
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detect any serious consequences in the operation of the plant F 
Altogether, we used seven and one-half gallons of aviation ga% § 


line at the total cost of only $1.16 and feel pretty good at savim 
the trouble and cost of emptying the tanks, removing and 
ing the plates.” 
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SLUDGE DIGESTION TEMPERATURE CONTROL 
WITH LIVE STEAM 





By A. M. RAWN* 


Chief Engineer and General Manager, County Sanitation 
Districts of Los Angeles County, Los Angeles, Calif. 


HE accelerated rate of sewage sludge digestion at tempera- 

tures ranging from 85 to 95 degrees Fahrenheit necessitates 
the application of external heat to the digesting sludge mages. 
Currently, in most plants the heat is applied by circulating water 
of a given temperature through metal coils appropriately located 
on the interior walls of digestion tanks, or suspended in the 
sludge itself. The water may be jacket water irom gas engines 
or constantly recirculated water heated in boilers of required 
capacity. Circulation is usually accomplished by pumping. 

If fuel is at a premium, as, for instance, if power is gen- 
erated from sludge gas at the treatment works and the entire 
gas supply is conserved for power generation, circulation of the 
gas engine jacket water presents definite advantages, and the 
difficulties attendant upon circulation of hot water through coils 
in the sludge mass is entirely warranted ; but if there is a mod- 
erate excess of fuel which cannot otherwise be utilized in the 
operation of the plant or its features, it appears that there is 
another and better way of adjusting sludge temperatures. 


Disadvantages of Coil Heating 


Some of the disadvantages attendant upon heating sludge with 
circulating hot water in coils are: 

1. Cost of the coils. 

2. Cost of the pumping circulating water. 

3. Removal of scale from exterior of coils as well as at times 
the interior. 

4. Inflexibility of the operation, that is, the inability to heat 
sludge at any place but in tanks built and equipped specilically 
for that purpose, or to compensate for the difference between 
winter and summer sludge temperatures. 

5. The periodic dosing of cold sludge into warm sludge mass. 

6. Galvanic corresion causing coil hangers to fail, allowing 
the coils to sag and leak or drop down. 

Jeginning in 1930 and up until last March, practice at the 
Joint Dispoal Plant of the Los Angeles County Sanitation Dis- 
tricts has been to heat digesting sludge by circulating hot water 
through cast iron pipe coils attached to the walls of the multi- 
stage sludge digestion tanks. While the process has been suc- 
cessful, it has exhibited all of the shortcomings hereinbefore 
noted but No. 6, which has occurred elsewhere. The most annoy- 
ing deficiency has been the incrustation on (and within) the 
pipe coils, necessitating progressively higher water temperatures 
with correspondingly accelerated incrustations, ad infinitum, and 
the inability to maintain proper temperatures in the digesting 
mass throughout the year because of wide temperature range in 
the raw sludge from winter to summer. 


Use of Live Steam for Direct Heating 


Three or four years ago experiments were commenced at the 
plant looking toward the possible use of live steam for sludge 
heating. The experiments were moderate in scale and were 
aimed principally at ascertaining whether or not live steam 
would, through partial sterilization of the input of crude and 
seeding sludge, retard digestion. The information gained from 
this work was so conclusive as to the advantages of the method 
that a decision was made to use live steam in sludge heating 
when it became necessary to expand the sludge digestion facili- 
ties at the plant. 

Construction of a third battery of multi-stage sludge digestion 
tanks was commenced as a WPA project in the summer of 
1940, but with difficulties attendant upon the current crisis in 
national affairs and the present emergency, the battery was not 
completed and placed into operation until March, 1942. By the 
time the tanks were completed, the remaining sludge digestion 
leatures at the plant had reached saturation and every spare 
tank in the area of any description was filled with digesting 
sludge. Unfortunately, however, only the two 1930 batteries 
could be heated, consequently sludge digestion in the remainder 
of the unused tanks and basins in and about the plant area was 
greatly retarded because of lack of temperature control. 


——_—_——. 


*Editorial Associate, Water Works and Sewerage. 
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With the advent of March the situation was acute, but by 
that time the new battery of sludge digestion tanks was com- 
pleted, including the 70 hp. boiler installation (see picture) de- 
signed to utilize sludge gas for fucl and to provide steam for 
heating sludge at the suction pumps of the two raw sludge con- 
centrating wells. 


The picture changed immediately. Sludge in the temporary 
tanks, in which the temperatures approximated 70 degrees, was 
recirculated through the crude sludge concentration tanks along 
with raw solids and raised to a temperature of 90 to 95 degrees 
at the transfer pump suction, then returned to the tanks, or 
transferred to other digesting units. The newly completed bat- 
tery was filled with sludge and seed which had been raised to a 
temperature of 90 degrees F. and which maintained tempera- 
tures of 85 to 90 degrees without further heating until digested. 
A large partially digested sludge mass in the holding pit was 
warmed and construction immediately commenced upon covering 
certain unused sedimentation tanks in the plant with temporary 
gas ight covers of timber and roofing construction. These fixed 
covers converted these tanks into useful digestion units—a fea- 
ture which could not have been accomplished otherwise without 
great cost for heating coils. One trio of these tanks, illustrated 
here, lras been completed aind is functioning with complete success. 


The Districts’ Joint Disposal Plant was originally constructed 
as an activated sludge sewage treatment works and functioned in 
that capacity from 1928 to 1938. Upon completion of the ocean 
outfall, the activated sludge features were removed from the 
plant and it was converted into a primary sedimentation works 
with separate sludge digestion. Looking to the day of an ocean 
outfall, the former aeration tanks (twenty-two in number) had 
been designed primarily for use as plain subsidence tanks, and 
eight of them were immediately equipped with sludge remoyal 
mechanisms. The fourteen remaining tanks will be equipped in 
a similar manner as increased flows at the works require their 
use, but in the meantime they. are idle and it is a trio of these 
tanks—each 121%x12)3 feet in section and 175 feet in length— 
which have been converted into sludge digestion units. Three 
more sets of tanks will be similarly equipped this summer. 


Plant Practice 


Present practice at the plant is to transfer raw sludge from 
eight sedimentation basins to two sludge concentration tanks. 
Sedimentation basins are 1244x124 feet in section and 175 feet 
long. Sludge concentration tanks are of like cross section but 
are 50 feet in length and lie side by side, their long axes par- 
allel. Each concentration tank is ¢guipped to_drain to a small 











70-HP Boiler Used to Supply Steam for Direct Heating of 
Mixed Sludge Input to Coil-less Digesters—Formerly Sedimen- 
tation Tanks 
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bottom hopper from which the sludge transfer pump suction 
draws. As the concentration tanks are being filled with raw 
sludge, 20 per cent by volume of digested sludge is returned 
thereto for “seed.” When the tanks have been filled with the 
mixture, the entire mass is transferred to the designated sludge 
digestion tank, and as the transfer pump starts, live steam is 
ejected into the tank hopper from which sludge is drawn. 


Advantages of the System 


The system has many advantages: 
1. It is entirely flexible, permitting the control of sludge tem- 
perature in any receptacle which will hold sludge, whether it 





SLUDGE PUMP 
O-——FROM DIGESTERS ae 





— TO SLUDGE DRYING BEDS o~ 


be an earthen pit, a lined retention chamber—covered or . 
ered—an unused tank or basin, or a regulation Sludge digestion 
unit. 

2. The adjustment of sludge temperature is not at all depend. 
ent upon the temperature of the incoming sludge. The adjust. 
ment is made by either regulating the flow of steam at the pump 
suction or the speed of the transfer pump. 

3. It eliminates entirely the use of heating coils with all of 
their attendant difficulties. 

4. It permits a 10 degree F. rise in temperature in more than 
100 gallons of wet sludge, with but one gallon of water applied 
as steam, thus less than 1 per cent is added to the Sludge mass 
as water. 
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General Plan of Sludge Heating with Live Steam and Its Distribution—Los Angeles County Joint Disposal Plant. 
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5. It admits of dosing warmed sludge into the warm sludge 
wast whereby the temperature of the digesting sludge is not 
disturbed or changed during the process of dosing. 

6, The heating and transfer of sludge from the concentration 
tanks to the digestion tanks—or whatever structures in the area 
re being used for that purpose at the time, is accomplished in 
pole four hours daily. The total amount of raw sludge trans- 
ferred to digestion every day approximates 175,000 gallons, to 
which is added 45,000 gallons of seed before the sludge is 
warmed up. Said sludge usually drawn from the multi-stage 
digestion tanks—but occasionally from tthe sludge concentration 
‘t—and the mixing of raw and seed sludges prior to transfer 
to a digestion chamber, results in a lessened disturbance of seed 
to raw sludge ratio in any of the tanks in which the mass is 
oy ee are about the main advantages of this new 
adventure. It has the disadvantage of using more water than 
the water circulation system, and it likewise does not take ad- 
vantage of heat transferred to the jacket water of sludge gas 
engines, although even this may eventually be possible when 
the new “Vapor-Phase” cooling system is perfected, wherein 
the circulating water is constantly maintained above the boiling 
point and live steam given off as the pressure is released in 


recirculation. 


Question of Odors 


Lest there be some misgivings about odors emanating from 
raw sludge heated to temperatures of from 85 to 95 degrees F., 
it is worthy of note that the contents of the sludge concentra- 
tion tanks have been raised to a temperature of 130 degrees F. 
without any noticeable or distinguishable change in the odor of 
the contents, and since there has been some question regarding 
vapor-lock in a sludge pump when live steam is injected into 
the suction line within 20 feet or so of the pump itself, it may 
be stated that the experience at the District’s disposal plant 
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indicates that the sludge pumps operate as smoothly with the 
steam injected into the suction as without. 

The steam boiler at the Sanitation District’s disposal plant 
is operated at a pressure of 30 pounds per square inch. The 
only advantage in this over a much lower pressure is that the 
steam feed water pump will not operate at less tthan 30 pounds; 
otherwise the pressure would be maintained at below 15 pounds. 
Because of the latent heat factor in live steam, the gallons of 
sludge which may be heated by one gallon of water converted 
to steam at zero pressure is almost equal to the amount which 
may be converted at 125 pounds per square inch, the difference 
being in the ratio of approximately 110 to 114. This approxi- 
mate computation is based upon the use of saturated steam and 
an assumed heat capacity of sludge of 1 B.t.u. per pound per 
degree Fahrenheit. 


Use of Non-Critical Materials 
and Simplicity a Feature 


The process is so easily installed, so cheaply operated, and 
so extremely flexible, and has proven so successful in operation 
at the plant described, that the information is passed on for 
the benefit of those who may encounter some of the difficulties 
herein enumerated with the present system of heat transmission. 
It also is detailed here to some extent to indicate that in this 
paricular time of shortage of materials and restrictions upon 
the use of available materials by WPB and other Federal agen- 
cies, existing tanks or basins in or about the plant not other- 
wise in use may be covered with inexpensive tops of some sort 
comprised of materials which are not deemed critical at this 
time, and converted directly into controlled sludge digestion 
tanks for use during the emergency. The potentialities of the 
system become apparent when one visualizes its complete flexi- 
bility. The fact that it has no deleterious effect upon sludge 
digestion is a strong argument in its favor. 





CLEANING ENCRUSTED PIPE LINES AND VACUUM FILTERS 
WITH INHIBITED MURIATIC ACID 


By K. L. MICK 
Chief Chemist 
Minneapolis-Saint Paul Sanitary District 
St. Paul, Minnesota 


ONSIDERABLE muriatic or hydrochloric acid has been 

used in our plant for removing carbonate scale from pipe 
lines, filter cloths and vacuum filter parts. To minimize the acid 
attack on metal parts of the equipment and on pipe lines, it was 
deemed advisable to use an inhibitor with the acid. Certain pro- 
tein materials such as bran, or organic amino compounds such as 
aniline oil (aminobenzene, CsH;sNHz) are capable of retarding 
the action of strong acids on metals by preventing or slowing 
down the evolution of hydrogen at the metal surface in the re- 


action— . 
Fe + 2HCI = FeCl. + He4 (gas) 


They are called inhibitors and are believed to function by raising 
the hydrogen overvoltage on the metal, i.e., they raise the poten- 
tial required to force off the protective blanket of hydrogen as 
gas bubbles. Unless sufficient potential is available, the hydrogen 
will tend to accumulate on the metal surface and the reaction 
written above will slow down or stop, thus protecting the metal 
from further action of the acid. However, the corrosion in- 
hibitor will not affect the action of acid on the carbonate scale 
which it is desired to remove, the reaction being— 


CaCO; + 2HCI = CaCl. + Coz * + H:O 
Twin-Cities Plant Practice 


The acid used at this plant is commercial 18° Bé. muriatic 
acid (28 per cent HCl), purchased in 125 pound carboys. Some 
laboratory tests were made to determine the proper proportion 
of aniline oil to acid. For these tests a number of 1x3 inch 
panels of 23 gauge mild steel were immersed in acid solutions 
of various strengths, 0.7 per cent HCl, 2 per cent, 5 per cent and 
10 per cent. One of each of these acid solutions was left un- 
treated with the aniline oil to serve as a control comparison, 
and aniline oil was then added in various dosages to each of 
the acid solutions. In evaluating the rates of acid corrosion of 
the steel, use was made of Speller’s formula, which takes into 
account the loss in weight, the area exposed, and the time of 
exposure. 

The results indicated that a 2 per cent aniline oil dosage (by 


a weight of pure HCl) could be used with the weaker acid 
solutions, up through 5 per cent HCl, while stronger acid solu- 
tions should have a 3 or 4 per cent aniline oil dosage for maxi- 
mum protection of metal parts. 

With a 0.7 per cent HCI solution (which is the initial strength 
obtained in our plant when one carboy of commercial muriatic 
acid is added to about 600 gallons of water in the filter pan), 
a 2 per cent aniline oil dosage will cut the corrosiveness of the 
acid by 44 per cent, according to the laboratory tests. A 2 per 
cent aniline oil dosage in a 5 per cent HCl solution cuts the 
rate of corrosion nearly 97 per cent, while in a 10 per cent HCl - 
solution a 4 per cent aniline oil dosage was required to reduce 
the rate of corrosion by €9 per cent. 

Added to a one-carboy acid bath for a filter, 300 ml. of aniline 
oil will reduce the corrosiveness of the acid about 44 per cent 
for the small cost of 25 cents. For protection of the screen and 
the thin nailheads in the wood splines, this added precaution 
would seem justified even though the rate of corrosion with an 
acid solution of this strength is apparently quite low. 

The application of the acid bath is very simple. Sufficient 
water is run into the filter pan to just submerge a portion of the 
drum (about 600 gallons at this plant). The aniline oil treated 
carboy of acid is then syphoned into the water, with the filter 
drum and agitator in operation. After two or three hours the 
acid is usually pretty well spent (a titration test will tell) and 
the solution is then drained off and the filter washed with the 
water sprays. If the filter and cloth are badly scaled, more than 
one carboy of acid may be needed. 

The filters at this plant are now given an acid bath after 
about 350 hours of cloth life, with the cloth and screen left in 
place. This treatment increases the economical life of the filter 
cloth to 500 or 600 hours and at the same time removes the scale 
from the screen and splines. ; 

To clean the pipe lines of carbonate scale, the inhibited acid 
bath is recirculated through the lines. The scale is disintegrated 
and sloughs off. ah ‘ 

[Ed. Note—It is quite evident that the use of inhibited acid 
applies in water purification plants as well as sewage plants— 
also for cleaning small pipe lines of iron scale.] 
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CORROSION OF SLUDGE DIGESTER PARTS 


Corrected by Application of Cathodic Protection 









By G. A. PARKES* 
Ass't Engineer, Department of Public Works 
Los Angeles, California 


FTER fourteen months of service it was a decided shock to 

find that the metal parts within the sludge digestion tanks 
of the Terminal Island Treatment Works of Los Angeles had 
suffered marked corrosion. Almost every metal part that had 
been in contact with sludge, scum or supernatent liquor had suf- 
fered attack. Pitting had penetrated to a depth of five-sixteenths 
of an inch in a few places, while in many places extensive areas 
showed corrosion varying from one thirty-second to one-eighth 
of an inch below the original surface. 

Certain peculiarities were noticed. One side of a structural 
member might be severely corroded while the other side of the 
same member remained entirely untouched. The hot water coils 
of galvanized wrought iron were badly attacked in some places 
and in others the original galvanizing was intact. The hooks 
supporting the coils were likewise affected. 

No one part of the tank was affected more than another and 
all metal parts in the tank were affected. It so happened that 
all these parts were of iron or steel and no brass, aluminum or 
other non-ferrous metals were present. Interestingly, the galvan- 
ized wrought iron pipe had been attacked as badly as the struc- 
tural steel of the sludge stirring mechanism. The digester in 
question is a single stage, fixed cover, heated, concrete tank, 75 
feet in diameter by 27 feet sidewall height. 

The sewage treated at the Terminal Island plant averages about 
3.0 million gallons daily and includes a considerable industrial 
load from two fish canneries. Solids and oil in the cannery 
waste caused a thick tenacious scum to form in the digester. 


What the Inspection Revealed 


To examine conditions, it was decided to shut the plant down 
and drain the digester and make a thorough inspection. 

On entering the tank for inspection, while it was being drained, 
the writer felt several manhole steps bend under his feet. Later, 
it was found that these steps, originally 34 inch in diameter, were 
eaten nearly through. On the other hand, it was of peculiar in- 
terest that some of the steps were as good as new. 

The sludge was transferred to the clarifier and decantation tanks 
for storage. This saving of sludge proved to be a fortunate 
thing, for it not only provided a sufficiency of seed sludge when 
the digester was again placed in operation, but it also supplied 
the real clue which led to the final solution of the corrosion prob- 
lem at Terminal Island. 

As soon as the tank was clean, and safe to enter without wear- 
ing hose masks, the surprising conditions were discovered. Out 
of all the mass of facts observed and noted only two observa- 
tions seemed to be favorable. There was no indication that the 
concrete of the tank itself was damaged, nor was there any evi- 
dence that the steel reinforcement embedded in the concrete had 
been attacked. 

This last fact was a good deal of a puzzle, but at the same time 
it was a Godsend, for if the reinforcement had been corroded, the 
concrete would have been cracked beyond repair and the ‘whole 
tank a total loss. The effects of the corrosion were so serious 
and had taken place in so short a time, that it was evident that 
unless the cause were discovered and eliminated, the entire mech- 
anism and perhaps also the tank would soon be destroyed. 


Causes Considered 


Several theories were advanced as to the cause of the corrosion, 
none of which proved of any help in the solution of the problem. 
Inquiries at the time failed to reveal any similar conditions else- 
where, although some cases of corrosion in digesters have been 
reported more recently. 

The sludge was not altogether normal, due to the presence of 
the fish waste already mentioned, although the pH had been con- 
sistently above 7.0. This fact seemed to eliminate the possibility 
of acid corrosion. 

Later investigation showed that the sludge and scum were high 
in either sludge matter, probably high in sulphides and extremely 
high in chlorides. The latter, which was due to large quantities 
of sea water and brine used by the fish canneries, has sometimes 
amounted to 2,000 ppm. in the raw sewage entering the plant dur- 
ing the sardine packing season and for some unknown reason 
is concentrated to as high as 5,000 ppm. in the sludge in the 
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digester. These figures vary widely, the average being less than 
one-half the above. These facts, particularly the chlorides, yp. 
doubtedly had a bearing on the case, but were not known at the 
time the corrosion was discovered. 


In the meantime, while the theorizing was going on, rec ; 
tion work was under way in the digester under the directiog oj 
the writer. The original scum breaker was removed and a 
stiff truss was installed with vertical angles which meshed wit, 
stationary combs bolted to the roof. Figures I and II show som, 
stages of this work. The hooks, which supported the hot wate 
coils, being no longer safe, a system of wooden racks of re. 
wood lumber was devised by the writer. These racks were hel 
together by birch dowels, as wood is known to be very resistay; 
to digestion processes. Part of these wooden pipe racks can 
seen in Figure II 


The Investigations 


The suggestion was finally made that the corrosion was sini- 
lar to that caused by galvanic action or by electrolysis, the las 
being usually caused by stray electric currents. As this theory 
seemed to be more reasonable than most of those advanced, in. 
vestigations-were undertaken to find the source of such currents 
These studies were made while the repairs were going on. 

Alternating current is used for lighting the plant and for powe 
to operate the digester mechanism, but all previous research has 
shown that alternating current is rarely, if ever, a cause of ele. 
trolytic corrosion to any serious degree. 

A well known expert on electrolysis inspected the plant ani 
gave the opinion that the corrosion was caused by stray direct 
currents from street railway operation. It was found, however. 
that there are no electric railways on the island and that ther 
is no direct current produced or used in any appreciable amount 
Furthermore, the only possible path by which such current could 
enter the plant was by the city water main. The water servic 
pipe was disconnected and it was found that a higher electrical 
potential existed in the plant system than in the water main, in- 
dicating that the source of current was inside the plant rather 
than outside of it. This proved an important discovery. 

At this time, the services of Mr. Otto Wiemer, Electrical En 
gineer of the Department of Building & Safety, of the city o 
Los Angeles, were obtained, who, with the writer, made an e- 
tensive series of investigations as to the source of the electri 
current which was apparently being generated within the plant. 

A complete description of all the investigations would be far 
too lengthy to be included in this article. Many experiments an 
unsuccessful attempts were made to correlate the electrical pote F 
tials which were found to exist between the different parts of th 
plant. Various types of grounds were used, chromium rods, cop- 
per sulphate sponges, and what not. But the chief difficulty wa : 
the inability, with these methods, to reproduce any observed read: 
ing on two successive days. 


The "Bench-Mark" Method 


Finally a method was decided upon, which for want of a better 
name was called the “bench-mark” method. This simply cor 
sisted of using one point (a conveniently situated water faucet 
as a reference point and observing the potentials—i. e., voltagts 
of all other points in the plant, with reference to this one pout 
Several hundred readings were made and recorded showing valuts 
positive or negative, with reference to our “bench-mark.” It wa 
found that these readings could nearly always be checked quit § 
closely when the work was repeated on subsequent days. | J 

The equipment used for this work consisted of a very sensitit 
voltammeter, known as a Rawson Junior “Multi-meter,” with ful 
scale readings in decade arrangements from as low as two mill: 
volts to one thousand volts and from 0.1 milliampere to ot 
ampere. Several hundred feet of No. 12 rubber-covered wire © & 
a spool, and numerous clips and points for making connection 
completed the outfit. 


The Clarifier Proves a Giant Galvanic Cell _ 


It has already been stated that during the reconstruction of th 
digester, the plant had been shut down and the contents of the 
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protection. (Above)—New scum-breaker, with stationary 

combs bolted to roof. (Below)— Sludge-sweep me chanism and 

heating coils on tank walls, both protected with “Bitumastic” 
enamel. 


digester transferred to the clarifier and decantation tanks for 
storage. 

It so happened that most of the first readings were made at 
scattered points throughout the plant and showed only small volt- 
ages above or below the “bench-mark.” However, finally, a series 
of increasing potentials noted led to the clarifier, in which di- 
gested sludge was stored. Here a difference of four hundred 
millivolts (0.4 volts) was found between various parts of the 
clarifier piping and steel work and our “bench-mark.” Similar 
but lower differences existed between parts of the decantation 
tanks (also filled with sludge) and the “bench-mark.” 

The investigation was continued and readings made of differ- 
ences of potential between the “bench-mark” and several hun- 
dred points throughout the plant. These points included hot and 
cold water systems, sludge pipes, electrical conduits, exposed 
metal parts in tanks, reinforcing steel in various structures and 
even hand rails and the wire fence enclosing the plant property. 

The readings varied over a wide range, positive or negative, to 
the “bench-mark.” But, from a study of all the readings, it be- 
came evident that greatest differences of potential existed between 
the point of reference and those tanks in which the digesting 
sludge was stored. 

Figure III—A table which appears later—reveals the method 
of keeping the notes. 

The only possible inference which could be drawn from these 
observations was that in son:e manner, not entirely clear, the said 
tanks were acting as huge galvanic wet cells and were actually 
producing direct current. This current was leaking out through 
many inter-connected paths throughout the plant and was re- 
turning through other paths to complete the electrical circuit. 

In applying this “wet battery” theory to the digester, which 
was still undergoing repairs, it was possible to conceive that the 
corrosion already described could ahve been caused in this way, 
Provided the corroded parts were “anodic” (positive), and some 
other parts were “cathodic,”—i. e., negative. In galvanic action, 
current flow is always from the positive to the negative electrode. 

It is well known that when two dissimilar metals are immersed 
in an electrolyte and connected externally, a current will flow from 
one electrode to the other and that one of the electrodes (the 
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anode) will pass into ionic solution in the process. Such action 
is known as galvanic action. It is also well known that it is not 
necessary to have entirely dissimilar metals, such as copper and 
zinc, for such a condition to exist. Even electrodes of the same 
material, such as iron, which by reason of difference in area, 
or surface condition or partial protection, will behave in the same 
manner and one of the electrodes will be eaten away. 


Laboratory and Model Studies 


A number of tests made in the laboratory, using numerous 
samples of iron and steel, and sludge liquor for electrolyte, proved 
that electrolytic corrosion could take place. One test was made 
with two small grids of black iron bailing wire of exactly the 
same size and shape. One grid was used bare and the other 
was cast in a plaque of concrete, one inch thick. Both grids 
were immersed in sludge liquor and showed a definite flow of 
current when externally connected. Diagram No. 1 shows the 
well known principle of the galvanic cell and the close relation 
to our sludge cell, which behaved in a similar manner. 


FIG. II—TYPICAL NOTES OF POTENTIAL DIFFER- 
ENCES USING THE “BENCH-MARK” METHOD 


Potential* 

Location Millivolts 
6t. ©. L, pipe Oo cnet sitet DOB... cw. ccc ccccnns + Zi 
2-in. W. I. pipe—sprinkler system.................00- + = 
Reinforcing steel—digester wall................+...5- + % 
Wire fence—south property line................eeee0- — 13 
Se IE 6 66s coc eis ncssnenesenesewes + 18 
ee ee ee er er + 
Discharge—high pressure wash pump................ +150 

4-in. C. I. suction—effluent wash at clarifier........... +400** 

COSY GIO CIEE Gs on as cnc ccacvccscenesesaves +385** 
4-in. C. I. gas pipe at regulator pit................5.. + 32 

Decneber WE —GRNBTE PDE soo coos ce ccecsvcccvoeecens +108** 

Decanter tank—float guide. .........ccccccssccecccces +210** 
ee Ys. pc coc edesenssensocsuetarcaneeeses + 32 
Digester—supernatant overflow pipe at ground line.... + 18 
Reinforcing steel—venturi flume structure............. +t ll 





*Potential expressed in millivolts between the water-faucet 
“bench-mark” and the equipment listed, + meaning flow away 
from the unit listed. 

**Digester sludge was stored in these tanks. 


A model was then constructed to simulate, in principle, the con- 
struction of the digester. The model was made of concrete, six- 
teen inches in diameter and twelve inches high, with walls and 
bottom two inches thick. A cage of bailing wire was cast in 
the walls and bottom to represent the reinforcing steel, while 
a coil of wire supported inside the “pot” and in contact with the 
cage represented the hot water coils. The sludge stirring mech- 
anism was represented by a grid of wire supported in the mid- 
dle. Several wires were brought out for electrical connections 
and the “pot” was filled with sludge liquor. 


Diagram No. 2 shows the arrangement of “pot” 
parts indicated as “reinforcement,” “hot water coil” 
ism” were baling wire. 

Readings made with the sensitive voltmeter showed that cur- 
rent flowed through the instrument from the wire cage which 
was encased in concrete to the grid which was suspended in the 
liquor. This proved that the “pot” was acting as a battery and 
that a self-generated current passed from the wire grid (anode) 
through the liquor electrolyte to the wire cage in concrete, which 
was the cathode. The current passed back through an external 
wire to the anode, thus completing the circuit. Current also 
probably flowed from the wire which represented the hot water 
coil to the wire cage, and back to the coil through the support- 
ing wire, although this could not be proven. 

However, after exposure for about three weeks, with the cage 
externally connected to the grid, a noticeable amount of corrosion 
was found to have occurred in wire representing the hot water 
coil, as well as in the grid representing the sludge and scum 
mechanism. 

It was suggested that a possible source of electric current 
might be the maze of piping which connects the various parts of 
the plant. These pipes of various materials, are for the most 
part, buried in the damp, salty sand of the plant site and may 
at times be in brackish ground water. 

This theory was based on the well known fact that pipes pass- 
ing through varying types of soils are subject to electrolytic cor- 
rosion. In this case, the pipes buried in the ground would be 
cathodic while the other ends, being in contact with the sludge 
in the digester, would be anodic and, therefore, would be cor- 
roded. However, the experiments with the “pot” model, already 
mentioned, proved that current was produced when the model 


model. The 
and “mechan- 
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Diagrams 1-2-3—Revealing Similarity Between a : 


Simple Galvanic 


———$—_ 


Cell and That Produced With Electrodes in Sludge Liquor, as the 


Electrolyte 
(1) Galvanic Cell and Sludge Cells. (2) Concrete Model of Sludge Digester Used in Study of Current Flow Resulting From Gal. 


The Simple Galvanic Cell 
Thereby, What Was Originally the 


vanic Action. (3) 
versal of Current Flow 


After the Introduction of a Sacrificial Anode Between the Two Electrodes and ke. 
Anode 


Becomes Another Cathode, Thus Producing So-called “Cathodic 


Protection” When the Imposed Current Reverses the Flow of lons. 


was standing on a bench and not in contact with the ground— 
i. €.. Was in nowise grounded. 

A test was made to simulate conditions to test the above theory. 
The “pot,” partly buried in the sand, was connected to a quan- 
tity of junk iron buried nearby. This sand was well-soaked with 
ground water and conditions of current flow noted. It was found 
that a small current, probably not over 15 per cent of the total, 
was produced by the buried iron and the remainder (85 per 
cent or better) was produced inside the “pot.” It was concluded 
that, due to the smaller relative area and to faulty electrical con- 
tact, the piping system of the plant would deliver but a negligible 
amount of current to the digester. 


The Digester Studied 


After a very careful consideration of all the foregoing evi- 
dence, it was concluded that the corrosion which had occurred 
in the digester had been caused by an electrolysis due to a self- 
generated or galvanic current within the digester itself. 

Further investigation was made to find the cause of the “spotty” 
condition of the corrosion in the digester, particularly as to why 
some of the manhole steps and pipe hangers were severely at- 
tacked and some were not. It was found by passing a small 
electric current from a flashlight battery through the various 
parts, that the steps and hooks which were corroded were ap- 


parently in good contact with the reinforcing steel in the con- 
crete walls of the tank, while those which were not corroded 
were in poor contact or not in contact at all. This poor contact 
would prevent the completion of an electrical circuit without 
which electrolytic (galvanic) corrosion could not occur. 

It could only be assumed that the “spotty” conditions of struc- 
tural steel members and some portions of the piping was caused 
by the fact that some of the original bituminous paint coating 
adhered to some areas and caused a concentration of current on 
the unprotected areas. 

Considering the digester as a whole, the electrolytic conditions 
which could have caused the corrosion were now considered as 
being somewhat as follows: 

The hot water pipes, being directly exposed to the sludge and 
therefore, by reason of their environment, dissimilar from the 
steel of the reinforcement, acted as anodes. Current flowed 
through the sludge electrolyte to the cathodic reinforcing steel 
embedded in the damp concrete and thence back to the pipes 
through the supporting hooks which were in contact with the 
steel. The pipes, being anodic, were eaten away. (By referring 
to Diagram No. 2 and imagining that the external lines leading 
to the ammeter represent the massive steel and concrete roof 
structure, the reader will have less difficulty in following the 
writer’s explanation. ) 

In the case of the sludge stirring mech- 
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Diagram 4—Cathodic Protection Diagram as Applied to Sludge Digesters 
Sketch Reveals Arrangement of Sacrificial Anodes and Reversed Current Flow Onto 
Metal Parts of Digester to Be Protected, and Its Return Through Metering Shunts. 
The Imposed Current Follows the Path of Least Resistance, Which Is to Exposed 

Metal Where Corrosion Is Most Active and Protection Most Needed. 
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— anism, the structural steel members were 
: also anodic and current passed through the 
sludge to the reinforcing steel. This steel, 
{ being in contact with the roof of the tank, 
itself of reinforced concrete with steel beams, 
passed the current to the rotating sludge 
mechanism through the driving machinery 
and thrust bearings, thus completing the cir- 
cuit. Here again, the steel members of the 
stirring mechanism, being anodic, were cor- 
roded. 

While the data obtained in the investiga- 
tions did not definitely prove that the cor- 
rosion had been caused in the manner above 
stated, it seemed that all of the facts fitted 
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‘ a! Pod arte. the theory and that no other theory fitted all 
4 1 co - | tt of the facts. It was therefore decided to 
i ith ja 3) -l~ ee 6. proceed to devise protective measures on this 
, ‘% oi di S ee * i a. basis. 

; a 3 ' © an | Protective Measures Adopted 
i i \ ty j At first, an effort to insulate the various 
a j : pI / parts was considered. This would have been 
4 ao @ * as extremely difficult, if not impossible, and at 
Py eg LR, best would have been unreliable, due to the 
i ye Bet oN eh Eee Pas many possible paths for the flow of current. 
Meehan ia ) hh I< It could not have been accomplished without 


extensive reconstruction of the tank. 
Protective Coating 


It was decided to sand blast all of the ex- 
posed metal in the tank and to cover the 
parts with a good bituminous coating. After 
sand blasting, the parts were given a prime 
coat of Wailes-Dove-Hermiston Corpora- 
tion’s “Bitumastic” solution, followed by two 
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hot “Bitumastic” enamel, mopped on. This material pro- 
hick, rather rough and brittle coating but when properly 
(See Figures I and II.) A coat- 
ing, however, on such surfaces, cannot be applied so as to give 
100 per cent coverage and it was realized that additional protec- 
tion by other means would be required. In fact it was quite 
likely that a 99.9 per cent covering would be worse than no 
covering at all. For if the cause of the corrosion was to con- 
tinue unabated, all the attack would be concentrated on the un- 
covered areas. This would result in the prompt and complete 
failure of the unprotected parts. 


cyats of 
duces a tl t 
applied gives good protection. 


Cathodic Protection Adopted 


After considerable study and inquiry, it was decided to test the 
method of anti-galvanic action known as “cathodic protection 
which has for some time been used to protect oil, gas and water 
pipe lines from external soil corrosion; and more recently applied 
to water towers and tanks for stopping internal corrosion. 

This method of protection has as its basis the fact that if a 
metallic surface, which would otherwise be anodic and therefore 
subject to electrolytic corrosion, be made cathodic by externally 
applied direct current, that surface cannot be corroded and is 
therefore protected. 

Diagram No. 3 illustrates the principle of cathodic protection. 
At the left is a simple galvanic cell, identical to Diagram No. 1. 
As shown, the anode would be eaten away while the cathode is 
unaffected. However, if another plate is inserted into the cell 
(Diagram 3—right) and connected to a power source externally 
as shown, then the new plate becomes the anode and both of the 
original plates become cathodes. The former anode is now catho- 
dic and is no longer corroded. 

In this system, two things are apparent. The potential (volt- 
age) of the new power source must be greater than the natural 
potential of the cell itself, which is usually small. Also the new 
anode would eventually be destroyed—sacrificed to save the other 
surfaces. Such anodes are known as “sacrificial” anodes. 


In the case of pipe lines, the pipe to be protected is connected 
by wire to the negative side of some direct current power source, 
such as a motor generator set or a rectifier unit, the positive side 
of which is connected to a so-called “sacrificial” anode, usually 
some sort of junk iron. The anode is buried in the ground at 
some distance from the pipe. Current coming from the power 
source passes first by wire to the anode, then through the ground 
to the pipe, returning by wire to the source. The pipe thus 
becomes negative to the anode and the latter is destroyed instead 
of the pipe. Hence the name “sacrificial.” The cost of replac- 
ing the junk iron anodes is small, as is also the cost of power 
required. 

In protecting the interior walls of steel tanks the tank is made 
cathodic and dc. current flows from the anode suspended in the 
tank, through the water and to the tank walls. 


It must be understood that, while theoretically such a method 
should provide complete protection, due to the numerous uncon- 
trollable factors encountered in the field the conditions causing 
corrosion can only be mitigated to a large extent. In any case, 
the life of the pipe line or tank is greatly extended and the cost 
of protection is well worth while. 


Application and Arrangements 


While there was no precedent to be followed in the case of a 
sewage digester, it was felt that the cathodic-protection scheme 
could be used to advantage, and would reduce, if not entirely pre-. 
vent, the necessity of costly replacements in the near future. 

Two anodes were provided, one being hung through each of 
the two manholes in the roof of the digester. These anodes were 
steel plates eight feet long, two feet wide, and one-quarter inch 
thick, suspended by two one-inch diameter iron rods welded to 
the plates and supported from wooden frames in the manholes. 
The iron supporting rods were later found to be badly attacked 
and were replaced by two-inch by four-inch redwood hangers. 
The hangers were long enough so that the plates hung vertically 
in the upper zone of sludge,.with the tops about two feet below 
the surface. Heavy copper cables protected with heavy rubber 
covers were connected to the plates and carried out of the man- 
hole and across the roof to the central platform of the digester. 

A Westinghouse “Rectox” rectifier (see Fig. V), connected to 
the lighting circuit, provided direct current. The two anode 
cables were connected to the output or positive terminals of the 
rectifier. The return or negative terminals were connected to 
the main bus of a test panel. 


In order to provide for definite return paths for current from 
the various parts of the tank, individual wires were connected 
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to these parts and brought to the test panel. Connections were 
made to the hot water pipes at three points outside the tank, to 
all sludge and other piping, to the steel beams supporting the 
roof, to eight points in the steel reinforcement, to the driving 
machinery and by sliding brush contacts to the upper part of 
the stirring mechanism. In all, thirty-two such connections were 
made, each with its individual wire to the test panel. 

The test panel (see Figure IV) consisted of a sheet of “ma- 
sonite,” about five feet high and thirty inches wide, in the center 
of which a brass bus plate was fastened. Mounted on the panel 
were thirty-five polarized porcelain receptacles, one for each re- 
turn wire, one for each anode cable and one fof the main return 
to the rectifier. Each return receptacle was fitted with a home- 
made shunt, of three ampere capacity, across the terminals and 
on one side was connected to the main bus plate. Each return 
wire was connected to its respective receptacle and correctly 1a- 




















Figures IV and V—Cathodic Protection 
Equipment 
(Above) Test Panel, With Metering Re- 
ceptacles, Shunt sand Ammeters. On Left 
Is the Rectifier Which Converts Alternat- 
ing to Direct Current. (Below) The Com- 
pact Westinghouse “Rectox” Copper-Oxide 
Type Rectifier in Temporary Housing. 


beled. Twenty-five ampere shunts were fitted across each anode 
cable receptacle, and a fifty ampere shunt was fitted across the 
main return receptacle. 

Two ammeters were provided, each with cords and polarized 
plugs attached, one ammeter reading to three amperes positive 
or negative, the other reading to one hundred amperes, positive. 

Diagram No. 4 shows the schematic arrangement of the vari- 
ous parts of the protective system. For simplicity, only four of 
the return connections are shown. The supply circuit to the rec- 
tifier is not shown. The supply is 120 volt, 60 cycle, A.C. current, 
only about 60 watts of energy being used all told. 

When the apparatus is in operation the circuit is as follows: 
Current leaving the rectifier passes through the anode shunts to 
the anode plates. Thence it passes into the sludge, and through 
it to the hot water coils, stirring mechanism, reinforcing steel 
and other metal parts. From these parts it goes by the individual 
return wires to the receptacles on the test panel, and through the 
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shunts to the bus plate. From the bus plate it passes through 
the main return shunt to the rectifier. 

The purpose of the shunts is to provide for measuring of the 
current without interrupting the circuit. The anode shunts permit 
the current passing to each anode to be measured separately. The 
individual shunts permit measurement of the current returning 
from each part of the tank to be protected. The main return 
shunt provides for measurement of the total current returned 
and serves as a check on the other readings. The readings on 
the individual returns permit these circuits to be balanced in 
approximate proportion to the area to be protected, and also 
indicate whether the connections are in good condition. 

The Westinghouse reetifier has a capacity of 30 amperes at 
3.2 volts, direct current, and is so designed that several com- 
binations of voltage and amperage may be obtained. However, 
experience dictates that those tappings which produce 20 am- 
peres at 2.2 volts should be used; and, thereby, the total power 
used is only that required for a medium size electric light. One- 
half the current is sent to each anode and the return circuits 
are balanced to carry from 0.25 to 1.5 amperes each. Readings 
are made and recorded periodically to note changes. 


The Anodes 


The steel-plate anodes are hoisted out for inspection from 
time to time and are replaced as needed—(see Figure VI). 
When removed, the plates are found to be covered with a black 
honeycombed crust about two inches thick, while underneath the 
crust the plates are deeply pitted and eaten away at the edges. 
The wooden hangers are not affected, nor does the crust seem 
to affect the operation of the plate as an anode. One pair of 
plates, originally weighing 195 pounds each, were found to 
weigh 90 pounds each, after fourteen months of service. Each 
plate lost, therefore, 105 pounds or 7.5 pounds per month. This 
equals approximately 9 pounds of iron per ampere per year. Fig- 
ure VII shows the condition of an anode, after final removal. 
This plate has been left in service too long. It is probable that 
the anodes should be replaced after nine to twelve months’ serv- 
ice at the Terminal Island plant. At other plants the service 
period per anode may be longer or shorter, depending upon local 
conditions. 

The cost of the installation was about $200.00, of which $140.00 
was for the “Rectox” rectifier. This cost does not include labor, 
which was done by the plant operators, under the supervision of 
the writer. It is indicated that anode replacements will cost 
$10.00 to $15.00 per year, depending on conditions. The power 
cost is truly negligible. 

Most of the anti-galvanic cathodic protection equipment was put 
in operation about the middle of December, 1938, using a home- 
made motor-generator set for power supply. The “Rectox” unit 
was purchased and installed later. 


Results 


It is unfortunate that no definite information can be given at 
this time as to the results of this method of protection, as no 
opportunity has occurred to make a complete inspection of the 
interior of the digester. Three things, however, seem to indicate 
that the protection has been effective. 

First: On May 5, 1939, after about five months of operation, 
an inspection was made of the scum and upper mechanism in the 
digester, and the previously attacked parts of the scum breaker 
truss were found to be in excellent condition, the “Bitumastic” 
coating being intact. This indicated that no noticeable corrosion 
was taking place in this part of the merchanism. 

Second: If the corrosion had continued at the alarming rate 
that it had during the first fourteen months, it seems highly 
probable that some of the structural parts of the mechanism 
would have failed entirely in the nearly two years of operation 
since the protection was installed. 

It was gratifying to note that, when for test purposes, the 
rectifier was shut off, the current in certain of the individual re- 
turn circuits immediately reversed. This was exactly what was 
to have been expected from the results of the experiments with 
the “pot” model, indicating that the conclusions drawn there- 
from had been correct. It also indicated what might have been 
expected if anti-galvanic protection had not been applied. Fur- 
ther than that, it indicated that all spots could not be reached 
with the protective coating applied to the metal parts in place. 

In the near future it is planned to install new sludge mixing 
equipment and new vertical type heating coils in the digester, to 
convert it into the first stage of a two-stage system, which will 
involve use of the decantation tanks as secondaries. When the 
tank is emptied for this work, a complete inspection will be 
made. It is our intention to make the results of this inspection 
and subsequent opinions, or changes in procedure, public at a 
later date. 





W. & S. W.— REFERENCE & DATA — 1946 





In the meantime, the writer hopes that others will int 
themselves in the matter of possible electrolytic COrrosion, no 
only in digesters, but in other units of treatment plants ag well 
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Figures VI and VII—The Inexpensive 
Sacrificial Steel Anode 
(Above) Hoisted Out for Inspection. Note 
Crust Adhering to Plate. (Below) An 
Anode After 14 Months of Service; Little 
Being Left But Metal Lace and Wood 
Frame. Frame Strips Show Original Size 
of Anode. 
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PRODUCTS: Flush-Tank Siphons and P.F.T. ROTARY DISTRIBUTORS 
; Regulators Provide a practical, efficient 

Floating Cover onront Condensate Drip Traps unit for dosing sewage to 

Sludge Gas Control Equipment Rotary Distributors filter medium, in minimum 

Supernatant Woatens Sprinkling Filter Nozzles area and with minimum pip- 

Supernatant Selectors Twin Tank Controls ing. Operate at minimum 
} Supernatant Gauge, Sight Gloss Alternating Siphons head, frequently eliminat- 
H & Sampler Sewage Siphons ing pumping. Features in- 
i Pre-Aerators and Grease Digester Heaters and clude patented non-clogging 

Removers Heat Exchangers spreader jets that assure full, even coverage of the filter bed; 

Laundry and Trade Wastes Sludge Pumps triple valves and a positive mercury seal. Bulletin No. 213. 
Treaters Sludge Samplers 


Vertical Aeration Plate Holders Jointite Sewer Joint Compound 
P.F.T. COMBINATION AIR MAIN AND 


VERTICAL AERATION PLATE HOLDERS 


Provide an economical 
means of securing efficient 
air diffusion in activated 
sludge aeration tanks. These 
cast iron units make a sim- 
plified permanent air dif- 


P.F.T. FLOATING COVERS 


Efficiently and economically 
accelerate the digestion 
process, eliminate odors 
and safely collect gas for 
heating and power pur- 
poses. Available in any 
practical shape for single eg : . 
or two-stage sludge diges- fusion system with provi- 
tion. Hundreds of instal- = sion for easy removal and 
lations including the largest in the U. S. A. Described in Cata- maintenance of diffuser 
log 232. plates. Insure uniform air distribution throughout full length 
| of tank. Write for data. 


P.F.T. SUPERNATANT SELECTORS 








P.F.T. ATOMIZING TYPE AERATORS 


have three applications. (1) 
Supernatant liquor treat- 
ment; essentially an aerator 
settling tank unit which re- 
returns to the head of the 
plant a _ treated effluent 
which will not cause oper- 
ating difficulties. Bulletin 





A positive means of re- 
moving the most desirable 
© supernatant liquor at a 
slow, continuous rate from 
any type of digestion tank, 
regardless of location of 
supernatant in the tank. A 
slotted tube holds back 
liquid containing excessive 
solids; lets through only 
clearest supernatant. Read- 


< 


Pa rar 








ily installed. Bulletin 143. Sampler em | controls rate of 142. (2) Pre-treatment of 
The P.F.T. Supernatant withdrawal, and makes sampling : : 
Gauge, Sight Glass and easy. Bulletin 243. laundry and trade wastes ; 


as a combination aerator- 

settler unit which reduces grease content, suspended solids and 
P. F. T. DIGESTER HEATERS B.O.D. Bulletin 141. (3) Pre-aeration and grease removal ; con- 
AND HEAT EXCHANGERS sists of a surface chamber to which a vacuum is applied as a 
means of mixing atomized liquids and solids with a large volume 
of free air. Unit is mounted in a small section of the primary 
clarifier. Bulletin 140. 


Does away with constant- 
ly decreasing heat trans— 
fer, reduces the labor of 
cleaning coils, and min- 
imizes operating interrup- 
tions encountered in the P.F.T. SLUDGE GAS CONTROL EQUIPMENT 
conventional method of , 

heating digestion tanks. 
Ideal for treating indus- 
trial waste. Bulletin 135. 





r TT ie .. Consists of Flame Traps, 
. $y. waste gas pressure relief 

flame traps, waste gas 
burners, pressure gauges 
and other boiler room and 
accessory equipment de- 
signed to eliminate explo- 
sion hazards and to insure 
constant pressures. P.F.T. 
Flame Traps have renew 
able elements which permi 
passage of gas but not 
flames. Valve in line is 
closed when heat is suffi- 

cient to melt fusible plug. All described in Bulletin 121-A. 





|) P.F.T. SPRINKLING FILTERS 


P.F.T. has available several efficient types of circular spray sew- 
| 4ge nozzles for application to the risers in sprinkling filter beds. 
§ Easy to install and clean. 
wer De fe Designed to minimize clog- 
ons, As 80g, and afford uniform 
§ distribution. Detailed in 
Data Book No. 130, 
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ROYER FOUNDRY & MACHINE COMPANY 
170 Pringle St., Kingston, Pa. Manufacturer, 


ROYER SLUDGE DISINTEGRATOR; 


Royer’s exclusive combing-bej 
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FERTILIZER AND FERTILITY VALUES OF SEWAGE SLUDGE 


WILLEM RUDOLFS, Ph.D. 


Chief, Dept. of Water and Sewage Research 
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N. J. Agricultural Experiment Station, New Brunswick, N. J. 


HE use of various types of sewage 

sludge as sub-grade fertilizer or soil 
builders has been advocated for many years. 
Enthusiasm to use this by-product of sew- 
age treatment has come mainly from the 
layman, but soil technologists and _ soil 
scientists continue to wonder why sludge 
is not returned to the soil for its plant food 
and fertility value. (Note that a distinction 
is made between plant food content and 
fertility value. ) Many farmers, gardeners, 
forists and green-keepers have tried the 
material, but frequently have stopped after 
some years. 

Sanitary engineers in general have looked 
at the sludge problem as a question of de- 
struction of noxious matters rather than 
conservation of values. Sewage plant op- 
erators have tried to stimulate its use. 
There is an increasing tendency to find 
ways and means to utilize sludge, principal- 
ly as a fertilizer filler or for soil improve- 
ment through direct application. 

An inquiry to determine why the mate- 
rial is not used on a larger scale, especially 
from smaller plants, or why the use has 
been discontinued, seems to indicate several 
reasons which can be summarized as fol- 
lows: (1) Insufficient knowledge of the 
value; (2) improper use of the material or 
insufficient preparation; (3) excessive 
claims made by the seller, or (4) lack of 
interest by the seller. 

From a hygienic standpoint there is no 
problem if the sludge is used in a proper 
manner. A rather extensive inquiry made 
to determine whether ill-effects have been 
observed on animals or human beings, 
shows that where land disposal has been 
practiced for many years no disease or 
epidemics have occurred. This is probably 
due to the fact that users of large quanti- 
ties of sludge have taken proper precau- 
tions. As a rule fresh sludge has been used 
nly on forage crops and plowed under 















after application. Heat dried activated 
sludge and heat dried digested sludge ap- 
pear to be safe for any reasonable use in 
agriculture, horticulture or floriculture, 
while well digested air dried sludge ap 
pears to be as safe as manures. 


What Is the True Value of Sludge? 


Determinations of the values in sewage 
sludges have chiefly been a matter of test- 
ing for the principal fertilizer ingredients 
(nitrogen, phosphorus and potash), while 
sometimes the organic matter content is 
taken into consideration. Users of sludge 
for agricultural or horticultural purposes 
have repeatedly called attention to the fact 
that the results obtained could not be 
entirely accounted for by the mineral or 
plant food constituents. The better results 
have been variously explained on the basis 
of: (1) The organic matter content «f the 
sludge results in an increased moisture 
holding capacity of the soil, preventing re- 
tardation of growth or wilting during dry 
weather; (2) an improvement in the soil 
structure, especially in clay allowing more 
air to enter and subsequently a stimulation 
of oxidation or organic matter by the soil 
organisms; (3) introduction of large num- 
bers of bacteria and protozoa, resulting in 
a speeding up of decomposition, the intro- 
duction of micro-organis™s, such as molds, 
into the soil, making the nutrients more 
available for the plants; (4) introduction 
of certain minerals needed for plant growth; 
absence of weed seeds, which may utilize 
the available plant food. 

On the other side of the picture is the 
discontinuance of the use of sludge after 
several years on account of plant injury. 
The reasons advanced for plant injury 
have been mainly: introduction of poigons 
in the soil which were present in the sludge 


(certain industrial wastes): high grease 


content resulting in water logging and pro- 
ducticn of organic acids; burning of plants 
resulting from acidic decomposition prod- 
ucts which make the soil acid. 


Sludge Constituents—Major and Minor 


Until a relatively short time ago it was 
assumed that only ten chemical elements 
(nitrogen, phosphorus, sulfur, calcium, 
magnesium, potassium, iron, carbon, hydro- 
gen and oxygen) were indispensable for 
the growth of higher plants. Many other 
elements, if found effective, were regarded 
as plant stimulants. In 1914 Prof. Mazé 
at the Pasteur Institute in Paris showed 
that other elements were necessary. Not 
much attention was paid until in 1923, when 
Miss Warrington at the Rothamsted Ex- 
periment Station in England found that 
boron was essential for beans and several 
other plants. Only during the last few 
years has it been found that a number of 
plants can not complete their growth cycle 
without minute quantities of boron, copper, 
zinc, manganese, possibly molybdenum and 
several others. These “minor,” or “acces- 
sory,” or “micro-nutrient” elements have a 
remarkable effect on various phases of 
plant growth. Iron, for instance, plays a 
role in oxidation, copper has been reported 
as essential in certain oxidase systems; 
manganese is essential to respiration and to 
nitrate reduction in plants; zinc may be 
important in the change of carbonic acid to 
water and CQO.; certain metal deficiencies 
produce chlorosis of varied types of green 
plants. 

A compilation of the chemical composi- 
tion of sludges, including the main fertilizer 
constituents and the “minor” elements, is 
given in Table I. For comparison it should 
be kept in mind that the average fertilizer 
ingredients of barnyard manures are about 
2 per cent nitrogen, 1 per cent phosphorus 





d per eT 











Preparation and Conditioning Is Important to Marketing 





For ease of handling and saleability compare the lumpy product on the left as removed from sludge drying beds with the uniformly 


granulated and aerated product turned out by a well-known sludge disintegrator. 
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A Potato Crop 


(P,O;) and 1.5 per cent potash (KO). It 
is evident that in addition to the main fer- 
tilizer ingredients, small quantities of 
“minor” elements are present in the sludge 
which may play an important role in plant 
growth. The quantities of minor elements 
are relatively small, so that danger of 
poisoning the soil is absent. The quantities 
of lime salts present in the sludge varies 
with the hardness of the water supplies and 
the manner of sludge treatment. The 
amount of lime salts expressed as (CaO) 
may be as low as 2 per cent and as high 
as 12 per cent on a dry basis. 


Humus Value 


As a soil builder the humus content of 
sludge is less than that of barn-yard 
manure, because the ash content is greater, 
but still is of considerable value in sandy 
and heavy clay soils. 

The crude fiber (cellulose, lignin, etc.), 
being complex insoluble carbohydrates, re- 
sist bacterial decomposition and remain 
longer in the soil (Table IT). Most of the 
so-called total organic matter gradually 
disappears, but is of importance from the 
standpoint of humus accumulation and 
moisture holding capacity of the soil. Soils 
which retain a higher moisture content 
usually support a greater variety of plants 
and allow the plants to continue their 
growth even during dry spells. 

Fats and greases are important chiefly 
because they make the sludge lump and 
interfere with the desirable uniform dis- 
tribution of the sludge. Also, because grease 
decomposition produces acidic compounds, 
resulting in acidic soils. It is our expe- 
rience that most of the injurious effects 
that may be chargeable to sludge applica- 
tion for a number of years are due to the 
accumulation of acids in the soil. The first 
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With and Without 

From the same area, in a field side by side, potatoes (above) were fertilized with 400 

lbs./acre of Toledo’s air-dried digested primary sludge, marketed under the name “Tol-e- 
Gro.” The yield was just 200 per cent more than the pile (below) not fertilized. 


few years these acids have a tendency to 
make insoluble plant foods present in the 
soil more available, hence produce better 
results than might be expected from the 
sludge alone. After a few years the avail- 


and the soil becomes more and more acid 
Certain plants, which desire a neutral o 
only slightly acid soil, are retarded in thei 
growth and finally are injured by the a. 
cumulated acidity. The simple application 
of agricultural lime (carbonate of lime) 
neutralizes this acidity. For best results in 
the long run, a judicious lime application 
every 3 or 4 years prevents a good deal of 
trouble. The fact that this simple remedy 
often has been overlooked accounts {or 
reluctance of farmers and greenhouse grow- 
ers to use sludge after a few years’ trial, 


Growth-Promoting Substances 


Increasingly it is recognized that plants 
do not synthesize vitamins or their pre- 
cursors as a philanthropic act for the bene. 
fit of animal or man. These substances 
have a function in the plant itself. The 
substances are generally classified as 
growth-promoting substances, since they 
may induce root development, stem elon. 
gation, cell swelling, ripening of fruit, stimy. 
late germination and flowering, and produce 
other responses. Farm yard manure and 
decaying vegetable matter have been shown 
to contain various growth-promoting sub- 
stances. Tests made for the presence of 
some of these substances in sewage sludges 
are summarized in Table ITI. 

The quantities of growth-promoting sub- 
stances required to affect the growth of 
plants are extremely small. Comparatively 
large applications of artificially produced 
compounds may even cause injury or re- 
tardation. Indole and skatole derivatives 
appear to be among the most effective 
growth-promoting substances. Indole and 
skatole, as well as butyric, acetic and pro- 
pionic acids, are produced during decom- 
position of sludge and can be expected to 
be present. The presence of various growth- 
promoting substances gives to sludges a 
higher fertility value than indicated by a 
mere chemical analysis, which reveals only 
the principal fertilizer ingredients. 

Practicing farmers have maintained for 
years that mineral fertilizers “burn out” 


able insoluble plant food has been reduced the soil. What is meant is that mineral 
2 
TABLE I 
Average Chemical Constituents of Sewage Solids and Sludges* 

Fresh Digested Activated 

Element Solids Sludge Sludge 
Total Witromen CE) cccccccccccccccccsvcescvsccccsoscesseseses 4.50* 2.25* 6.20* 
PE COME crcrncvccescd<depevnsecebeeweeeues icaneken ae 1.50 2.50 
SD ee condos eee beens bteveniveesecqreaatankedeweas 0.50 0.50 0.75 
GS aa ere ree es ee ee ee . 13.80 27.60 8.50 
EE ED niveeieek< ds oes sus Sani wneene gees nde RCCKRCESONS 3.20 6.00 7.20 
Ce CD ow. var sb ein bee ehsiwhweNeeePerdbeseeenseeeens 2.10 4.30 3.20 
I CO no gk heb ae wets WEES Pw ASE VEC R ORDERS Ra 2.70 5.70 1.70 
i Ce cece dc chee eeeereeee des ake eee eeasens 0.60 1.00 1.40 
DE MEER, cost ccend ketene deen neocon a entaweeenee anes 0.02 0.04 0.03 
Ce cst b ede tnah eOcKs Mees ead OREREEAEEE 0.80 1.50 1.00 
PEE SEE ckscieedcs uacnsncereewadans 0.06 0.10 0.08 
MI. io cn dois san oy 60-5) A KKARE AROS RACES SOAS RwR RENEE 0.02 0.05 0.05 
CED ois awe wwe obs vsG eww Shee ROCs eR eeRNeeeeraes 0.05 0.10 0.06 
Sirti inn sigs 6 pS dridsdre SKETU EG AEEN ERED NEE OR RARER EO Oba RS 0.01 0.04 0.03 
i CE rupee sees she 66 ot enweecen vaseee ends baaeeeoeee ih 0.10 0.20 0.20 
Pe Ce acct caoks eh sakenddetensey bt edkbegeeteeeane wets exe a 0.005 
SD 6456 eds ed eid one ee Keds ene wdchee CERN SER ORE TEENS 0.0002 ea 0.0002 
EE EE, ain s ics RRA WS ADKAM OEE ES ER TOROT Ree ad eeaeew 1.2 2.5 2.90 
SEL) £0 arin. $uendaede wea 4oesecaaeeseesiecessubecaehs 0.50 0.50 0.50 
ED, | nc Kcaewntectinedesndaetavanabanevecs nai wae 0.20 
CED 6 awit eeeca Ronen d.dbeundtvannhepncdeshes cence trace trace 0.013 
SE” eee ee rere nn ere aaa we’ 0.0115 
DE ME Vat Cad ahewsscacnedsdhacannien ween Newalee xh kee bi Ket 0.001 

*All figures being % of each ingredient on the dry basis. 
TABLE II 
Composition of Sludges : 

Fresh Digested Activated 

Constituent®* Solids Sludge Sludge 
SE SEEN fect cctdbgdesntacdcses ctuweeeientwereueawe 60-86* 45-60* 65-75 
DY oper ik 25.640.540sdedadea sarees cninenewaseeweseenen 20-40 40-55 25-38 
(OER. oc. cnn canen tant ceny OA RaCtene ahs ChaewnErs 17-35 35-50 22-30 
Pentosans ..... ig ate wb & Sdutal chiara ae snd oe Ban aeaee aN hS Bie 1.0 1.50 : 2.10 

Grenee GRE Pat CHEF). oo... iiss ccciccccecccccscaces ses 7-35 3.5-17.0 5.0-12.0 
NN ee eer Ter Tee 3.2 1.6 “a3 
NT er eaiainny dpa a sae en dae enneacecemumaanweee baie an’ 3.8 0.6 7.0% 
Lignin ..... PECTIETTeriTy TT TET TTL 5.8 8.4 eee 
EE tp600025.00ennennesSsbeneutebenesane Sx wenetene¥n ee 22-28 16-21 37.5 





*All figures being % of each constituent on the dry basis. 


tIncludes lignin, etc. 
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TABLE III 


Presence of Growth Promoting Substances in Siudges 


(Relative Amounts of Single Substances) 


substance 
skatole, PP™- 


indo Placid (Vitamin C) .. 
otene - 
Cptophane 
(combined) 
tyrosine (free) 
(combined) --.- 
Phenyl compds.” 
Naphthyl Compds. ¥ 


Fas benzoic acid; + as «-naphthol. 


(free) 


fertilizers stimulate the destruction of 
organic matter, making the plant food, 
plant stimulants and hormones available in 
greater abundance. This results in increased 
crop yields, but also gradually reduces the 
sored-up fertility ot the soil. Thereby the 
<il becomes poorer. The value of farm- 
vard manure is in replenishing the organic 
matter, “minor” elements and growth-pro- 
moting substances. Its application is of 
importance, therefore, in making the soil 
gradually richer. A similar function can 
he ascribed to sewage sludge. Since sewage 
Judge contains only relatively small 
amounts of the principal fertilizer ingre- 
dients crop yield cannot be as great as from 
mineral fertilizers, but, like other improved 
animal manures, it improves the soil and 
will continue to do so if acidity is checked 
by lime applications. 


TABLE IV 


Crops and Plants Which Have Benefited 
From Sludge Applications 


Truck crops— Field crops and fruits— 


Squash Corn 
Tomatoes Wheat 
Turnips Rye 
Pumpkins Barley 

Beets Turnips 
Carrots Grass 
Radishes Beets 
Parsnips Mustard 
Onions Potatoes 
String Beans Tobacco 
Lima beans Cotton 
Lettuce Apples 
Spinach Citrus fruits 
Sweet corn Strawberries 
Cabbage 


(and others) 
Trees and shrubs— 


Maple Berberis 
Ash Spirea 
Birch Daphne 
Chestnut Cotoneaster 
Prunus Taxus 
Cornus Several broad leaf 
Jasminium evergreens 
Hydrangea 
Flowers— 
Roses 
Carnations 
(Many annual flowers respond to 


sludge, in some cases leaf growth is 
more stimulated than is flowering.) 





Fresh Digested Activated 

Solids Sludge Sludge 

a eee 1.2 -7.8 traces none to 
traces 

er . 0.12-70 0.5-1.0 0.0-0.05 
sted Gcacat - ++4++ ++++ ++++ 
aisha pidiiainele tb +b co 
naman ++++ + ++ 
partie aa’ 444-4 oh of fe af 
tteeee ++++ + ++ 
seeeee ++++ +--+ +++ 
seteeee ++++ +t ++ 


Sludge Enrichment or Sludge Filler 

The addition of mineral fertilizers to 
enrich sludge results in a more complete 
product. Not only are the necessary major 
plant foods present, but the required 
“minor” elements and growth-promoting 
substances are available. This combination 
produces a balanced fertilizer and also a 
soil builder. This balanced product gives 
higher crop yields without loss of soil 
fertility. Such a balanced product is of 
especial value for sandy and clay soils. 
The response of rich loamy or peaty soils 
to this balanced product should be less and 
it explains partly why experiments con- 
ducted with various crops in different soils 
may appear to be contradictory. 

The amount of organic matter present is 
of importance, because of its favorable 
effect on the absorption capacity of the soil, 
and is of further interest because it is the 
carrier for organic nitrogen, which aids 
bacterial decomposition and becomes avail- 
able to the plant when needed. 


Crops and Plants Benefited 


A compilation of plot experiment results 
and actual practice of crops and plants 
which have been benefited from sludge ap- 
plications (Table IV) indicate that a num- 
ber of grasses, root and leaf crops, trees 
and shrubs respond to sludge. The list is 
incomplete, because only those plants have 
been included where sludge was of definite 
value. Cases where the value was doubtful 
or contradictory have been disregarded. 
Sludge has been found to be of particular 
value on lawns and greens. It does not 
cause “burning,” but small applications of 
lime are necessary from time to time. 

The amount of sludge applied varies 
with the crop. For field crops the applica- 
tion varies from 6 to 10 tons per acre, but 
additions up to 40 tons per acre have pro- 
duced good results. A number of nursery 
men have reported good results with young 
trees and shrubs with sludge used in a 
manner and in quantities such as would be 
used if the material were barnyard manure. 


Over-All Value 
The fertility values together with the 























40-Day Beet Growth Test 
Below—Only water applied—100,000 gal./ 
acre/day. Above—Sludge liquid applied-- 
100,000 gal./acre/day. Weight increases of 
roots alone, 344 per cent. 


fertiliser value of sewage sludges may be 
summarized in general as follows: 

In addition to relatively small amounts 
of the principal fertilizer ingredients, sew- 
age sludge contains “minor” chemical ele- 
ments and growth-promoting substances 
essential and necessary for proper plant 
growth. It prevents depletion of humus 
and is capable of increasing the fertility of 
the soil. It improves the soil structure in 
general and increases the water-holding ca- 
pacity of sandy soil in particular. The 
value of sludge is not the same for all soils, 
neither is it the same for all crops. Ex- 
cept for growth observations there is no 
adequate measuring-stick for revealing the 
over-all value of sewage sludges as soil 
improvers and growth promoters—in short, 
their fertility values as contrasted to their 
limited worth as fertilizers, based on the 
chemist’s analysis alone. 





W. & S. W.— REFERENCE & DaTAa — 1946 











INNIS, SPEIDEN & CO. 


117 LIBERTY ST., NEW YORK 6, N. Y. 


BOSTON e CHICAGO e CINCINNATI bd CLEVELAND e GLOVERSVILLE e PHILADELPHIA 


Ferzi-CLlor 


Ferric Chloride 




























AS A COAGULANT FOR SEWAGE AND INDUSTRIAL WASTES 

















Che chemical treatment of sewage and industrial wastes is an 1 hour. Observation of the several samples will determine th 
effective and economical method of increasing the efficiency of best dosage. If lime is required to provide sufficient alkaliniy 
the ordinary sedimentation plant. Such treatment requires but for satisfactory coagulation, follow the same procedure oy. 
little plant construction or capital investment. It provides a lined for Ferri-Clsor. The amount in lbs. of Ferri-Clor or lin. 
high overload capacity and flexibility in proportioning to produce required equals the number of c.c. used in the selected test x 
the degree of purification required. Seasonal loads are readily 10 x total sewage flow (m.g.d.) x 8.33. f 











handled with the Ferri-Clsor treatment. 

Ferri-Clsor coagulates sewage and industrial wastes, thus caus- FOR SLUDGE CONDITIONING 

ing more rapid precipitation in sedimentation plants and faster For efficiency and economy—ISCO Ferri-Clsor produces th 
filtering through vacuum filtration systems. It is most effective best sludge floc for filtration, compared weight for weight with 
in the pretreatment of industrial wastes which offer change in other commercial coagulants. Because of this fact, ISCO 
characteristics almost hourly. Ferri-Clsor is accepted as the lowest-cost powerful sludge coag. 
Experience has shown that Ferri-Clsor is also an economical co- ulant on the market. 






agulant for sewage and a wide range of industrial wastes. 





AMOUNT of Ferri-Cl.or to be Used 








FOR COAGULATING SEWAGE Using the Buchner Funnel Test, the time periods required for 
Ferri-Clsor provides an inexpensive and efficient method of the vacuum to break with varying quantities of coagulant ar 
dealing with plant overloads, and reduces original plant invest- recorded. 2 to 3 minutes is satisfactory and 1 to 1% minute 
ment by increasing the capacity of the sedimentation plant. is very good and should be used for plants where the sludg 







P is held, as in batch-mixing. 
AMOUNT of Ferri-Cl,or to be Used Various combinations of Ferri-Clsor and lime should be tested 
he accepted procedure in determining the dose of Ferri-Clsor until the relative quantities for optimum operation are determine 






The approximate quantities of chemical to be usei 
in the plant can be determined from the laboraton 
test, provided, of course, that the same strength 
chemicals are used in the plant. The quantity o 
Ferri-Cl, or solution in gallons per 1,000 gallons oi 
sludge will be 5 times the c.c. used per 200 cc. of 
sludge in the test. Likewise, the quantity of limein 
pounds per 1,000 gallons of sludge will be # 
times the grams used per 200 c.c. of sludge. 


required to coagulate a given sewage is to set up 
“Jar tests” with sewage to be tested. 2 qt. Mason 
Jars and stock solutions of Ferri-Clor and lime, 
consisting of 10 grams per liter of distilled water, 
are used. Place one liter of sewage to be tested 
in each of several Mason Jars. Add to the 
sewage in each jar, successively larger doses of 
Ferri-Clwor stock solution. Stir all samples 
thoroughly for several minutes and let stand for 



















PREPARATION of Ferri-Cl.or Solution 


Saturated solutions of Ferri-Clor are heavier than water, i.e.: you may 
have clear water above and undissolved crystals at the bottom of your 
mixing tank. Therefore, we recommend dissolving by one of the following 
effective and efficient methods: 









1. Automatic gravity circulation by placing the salt on a wooden grid ele- 
vated or suspended one-half way in the tank. 








2. Mechanical mixing by (a) stirring, (b) air agitation, and (c) liquid 
recirculation. 








3. Melting: Ferri-Clor melts at 98.6 to 102.2°F. and so can readi'y be 
liquefied by relatively small amounts of heat from exhaust or live steam, 
flue gases, oil, gas or electricity. The dissolved salts can be poured into 
the water 





















Ferzi-CLo 


Ferric Chioride 


is ISCO’s registered name for Ferric Chloride developed and 





manufactured especially for Sewage and Water Treatment. 









Ferric Chloride 60% (FeCls) 
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CHEMICAL TREATMENT OF SOAPY WASTE WATERS 


By HARRY W. GEHM* 


Associate, Dept. Water & Sewage Research, N. J. Agr. Expt. Sta., New Brunswick, N. J 


7 


\STE Waters in which the polluting 
Wenn consists essentially of soaps 
” in volume by laundries, 


discharged in . 
pd ve establishments, and synthetic rub- 
scOuls - ° 


per plants employing soap solutions in the 
polymerizing operation. Soap wastes a 
veadily utilized by the bacteria responsible 
for self-purification in streams and those 
» in oxidation processes of sewage 
such wastes are generally high 
in oxygen demand. Experiments have 
shown that the rate of biological oxida- 
tion of soaps is essentially the same as that 
of domestic sewage. Pure soaps require 
almost twice their weight in oxygen for 
S satisfaction of the five-day B.O.D., and 
commercial varieties, about one and one- 
half times. 

In general, the economy of treatment of 
soapy waste waters (from the standpoint 
of equipment required, and of operation) 
dictates that they be segregated from 
extraneous diluting waters and be equalized 

S so that a waste of relatively constant char- 
! acter be delivered to treatment units. Al- 
though rarely practiced, the first of these 
considerations holds great promise of low- 
ered treatment cost and in many cases can 


activ 
treatment ; 


| be more or less combined with the second 
F one, which has long been appreciated and 


practiced. 
Treatment of such wastes with lime to 


| obtain precipitation of a part of the soaps 
e tested ; 


is a recognized procedure having been ad- 
vanced by early English investigations’. It 
is at present used mainly as a method of 


| pretreating laundry wastes prior to dis- 


charge into a sewage treatment plant for 
the purpose of reducing the loading. A 
number of investigators have published 
data demonstrating that removals of about 
60 per cent of the five-day B.O.D. can be 
obtained in treating laundry waste water”. 


Treatment with Sea Water 


Experiments conducted with laundry 

waste showed that the addition of waters 
salts such as sea water, spent 
zeolite softener regenerant, and mineral 
well waters to such waste greatly enhanced 
lime precipitation*. Illustrative of the effect 
of these waters is the curve presented in 
Fig. 1 in which the effect of varied per- 
centages of spent zeolite softener regen- 
erant on lime treatment of laundry waste 
is shown. 

Examination of this curve shows that 
B.0.D. removal in excess of 85 per cent 
could be obtained by addition of the min- 
eral waters alone. Such treatment, how- 
ever, 1s impractical because of the large 
quantity of light sludge formed, some of 
which settles and some of which floats. 
Addition of relatively small dosages of 
lime eliminated floating, producing a rap- 
idly settling and a compact sludge. 

Since the main salts contained in these 
waters are sodium, calcium, and magne- 
sium chlorides and sulfates, some prelim- 
mary experiments were made to determine 
which salts were active in producing this 
effect. The first experiments were per- 
formed to determine the relative effec- 
tiveness of calcium, sodium, and mag- 


ot NO Technical Advisor, National Coun- 
or Stream Improvement, New York. 
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Fig. 1—Effectiveness of Spent Zeolite 
Softener Regenerant and Lime for Clarify- 
ing and Removing B.O.D. of Soapy Wast? 
Water. 


nesium salts in coagulating soaps. The 
effect of sodium chloride, in combination 
with the other salts, was also studied be- 
cause the work with sea water and spent 
softener regenerant indicated that in such 
combinations sodium chloride might  in- 
fluence precipitation of the soaps 


Effects of Calcium, Magnesium 


and Sodium Chlorides 


A suspension of U.S.P. sodium stear- 
ate having a concentration of 1000 ppm. 
was prepared. To liter portions of this 
solution various dosages of magnesium 
chloride, calcium chloride, and sodium 
chloride solution and combinations thereof 
were added. All portions were stirred 
slowly for fifteen minutes after the chem- 
ical was added, to allow reaction to come 
to completion and assist in coagulation of 
the precipitated soaps. After _ settling, 
samples of supernatant liquor were re- 
moved from treated portions showing com- 
plete clarification. The five-day B.O.D. of 
these samples was determined using seeded 
and supplemented dilution water, and on a 
sample of the untreated suspension. 

The percentage removals of B.O.D. were 
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Fig. 2—Effectiveness 


of Calcium Chloride and Magnesium Chloride in Combination 


with Sodium Chloride in Reducing the B.O.D. of Sodium Stearate Suspensions. 
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Fig. 3—Comparison of Calcium and Mag- 
nesium Chlorides for Reducing the Oxygen 


Consumed Value of Suspensions of Poly- 


merising Soap Waste. 


calculated for all clarified samples and 
where removal was in excess of eighty-five 
per cent, the salt dosages employed were 
plotted. The resultant relationships estab- 
lished are shown in Fig. 2. Examination of 
the data obtained shows that per unit 
weight magnesium chloride is 2.7 times as 
effective in removing the soap as calcium 
chloride, and times effective 
sodium chloride. 


32.5 as as 
of sodium 
chloride did not alter the relative effec- 
tiveness of the calcium and magnesium 
salts, but increased soap precipitation due 
to its own action. For example, in samples 
where 5000 ppm. of sodium chloride was 
added 2.7 times the dosage of calcium 
chloride as compared to magnesium chlo- 
ride was still required, and with a 10,000 
ppm. sodium chloride concentration a sim- 
lar relationship held. It appears, therefore, 


Relatively large dosages 


il 
that the resultant removal of soap by com- 
binations of sodium chloride and _ salts 
which react to form insoluble soaps is 
merely a summation of the salting out and 
precipitating reactions. 

Treatment of Synthetic 

Rubber Polymerizing Soap 


\ sample of polymerizing soap waste 
vas obtained from a synthetic rubber plant. 
The material was of the consistency of 
grease at m temperature. The bulk of 
this waste is removed from the reactors 
nd recovered. The fraction remaining is 
washed out, producing suspensions of 


For 
the 


experimental 
waste in 


varied concentration. 


purposes suspensions of tap 
vater were prepared. The general pro- 
cedure of treatment consisted of adding 


solution, to 500 ml. aliquots 


coagulants, in 

of waste suspensions, stirring at slow speed 
for 15 minutes and settling for 30 minutes. 
Oxygen consumed determinations were run 
n supernatant samples withdrawn after 
settling. 

Calcium chloride, magnesium chloride, 
sea water, and spent zeolite softener regen- 
erant were employed as coagulants. The 
zeolite reagent had these following con 
tents 

CaCle—7,144 ppm. 
MgCl.—1,703 ppm. 
NaCl—13,489 ppm. 


Lime alone, lime in combination with cal- 
cium and magnesium chlorides, and acid 
wastes, including pickling liquor, were 
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tried. None of these treatments yielded 
promising results. Lime alone had little 
effect when applied in reasonable dosages. 
When used in conjunction with calcium 
and magnesium chlorides, lime had little 
effect except to increase the quantity of 
sludge formed. Acids and acid salt re- 
quirements were found to be very high and 
the sludge produced failed to settle rapidly. 

Calcium and magnesium salts and waters 
containing mixtures of these salts gave 
good results as far as clarification and 
sludge settling were concerned. In this 
respect, the synthetic rubber waste differed 
from soapy wastes and sodium stearate 
suspensions, which produce voluminous 
curds when such salts are added. A sus- 
pension of the rubber waste containing 
6572 ppm. total solids produced about 50 
ml. of a granular, rapidly settling sludge 
when treated to the optimum degree in 
this manner. 


Reduction in Oxygen 
Consumed Value 


Reduction of the oxygen consumed value 
in excess of 95 per cent could be obtained 
by treatment with calcium or magnesium 
chloride as shown in Fig. 3, and little dif- 
ference in the relative effectiveness of the 
two salts was observed. 

Similar results (Fig. 4) were obtained 
with sea water and spent zeolite regen- 
erant. In these experiments the oxygen 
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consumed value was used as the index 
soap removal. The quantity of regenesp 
required for a given waste water will ¢ 
pend on its content of calcium and m 
nesium salts. 

On the basis of the total solids conc 
tration in the waste suspension, about (j 
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calcium or magnesium chloride 
tired to precipitate, almost 
‘mpletely, one pound of solids from a 
— suspension. In order to determine 
whether this relationship would hold over 
, wide range ol concentrations, a series of 
the polymerizing soap waste suspensions of 
from 1,643 ppm. to 10,000 ppm. were treat- 
ed with calcium chloride and the quantity 
necessary for optimum clarification was 
determined for each. Results of this ex- 
periment are plotted in Fig. 5. For con- 
centrations of total solids between 3000 and 
10,000 ppm. the relationship between solids 
and required calcium chloride for optimum 
treatment is linear and the relationship of 
»? Ib. of calcium chloride per pound of 
solids in the waste seems to hold. Lower 
~lids concentrations require a higher salt 
o solids ratio. 


ib. of 
would be reqt 


waste 


Discussion 

Suspensions of synthetic rubber polymer- 
izing waste, consisting mainly of soaps, 
were found to react to various methods of 
chemical treatment, somewhat differently 
from laundry waste and pure soap suspen- 
sions. Of these differences, the most im- 
portant of practical interest is the forma- 
tion, in suspensions up to 10,000 ppm. con- 
centration, of a granular, rapidly settling 
sludge on treatment with calcium and mag- 
nesium salts rather than the floating curds 
produced when other soap wastes are so 
treated. 


The most economical of the methods of 
treatment investigated were the use of sea 
water, spent zeolite softener regenerant or 
calcium chloride. Magnesium chloride did 
not exhibit appreciably greater effectiveness 
than calcium chloride when added to this 
waste, whereas the magnesium salt proved 
more effective in the case of other soapy 
waste waters. About 0.2 Ib. of calcium 
chloride was required per pound of total 
solids in polymerizing soap waste waters. 

Oxygen consumed removals in excess of 
95 per cent could be obtained by calcium 
or magnesium salt treatment. Such _ re- 


movals were accompanied by essentially 
complete clarification. A pound of total 
solids was found to consume 0.19 Ib. of 


oxygen, on the basis of the oxygen con- 
sumed test. Comparing this value with the 
0.2 lb. of calcium chloride required to treat 
one pound of total solids, the removal of 
oxygen-consuming matter is equivalent, on 
a weight basis, to the chemical dosage. 


Sludge produced by calcium chloride 
treatment amounted to about one cubic foot 
per pound of solids treated, but could be 
thickened to a lesser volume. This sludge 
would lend itself to reclaiming and could 
be combined with the main volumes of 
waste which is so handled. 


Summary 
Experiments with soapy waste waters 
showed that treatment with sea_ water, 
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spent zeolite softener reagent and mixtures 
of calcium and magnesium salts nroduced 
a high degree of clarification with the 
formation of a curdled sludge. Magnesium 
chloride was found most effective. Dilute 
soapy wash wastes from synthetic rubber 
polymerizing behaved somewhat differently 
in regard to chemical coagulation. Waters 
containing this waste can be treated to a 
high degree with calcium or magnesium 
salts or waters containing these salts. It 
was found that one pound of total solids 
required 0.2 lb. of calcium chloride, which 
removed 0.19 lb. of oxygen consuming 
equivalent present in one pound of waste. 
This treatment produced about one cubic 
foot of sludge, which could be thickened 
and reclaimed together with the concen 
trated wastes. 
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CHART FOR DETERMINING 
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T IS generally conceded that an excellent index to effective 
sludge digestion and efficiency of digester performance is the 

degree of conversion noted of the volatile matter in the sludge 
passing through the digesters. The degree of conversion is best 
expressed as per cent reduction of volatiles entering in the form 
of raw solids. 

Volatile matter converted during anaerobic digéStion is either 
evolved as gases or remains in the mother liquor (supernatant) 
as soluble organic or mineralized substances. The amount of 
gas produced is variously estimated at from 16 to 20 cu. ft. per 
pound of volatile matter converted. 

The writer has found frequent computations of per cent reduc- 
tion of volatiles on this basis to be a valuable check on digester 
efficiency, particularly so when considering the average figures 
for volatiles in the raw and digested products on the dry basis, 
from which the true reduction can be computed according to the 
following example. Assume: 








Volatiles Fixed 
CD secccauntsncne vesienseenebuds 73.5% 26.5% 
TNE vocdvcccscevesvdctccsesescescvcsesss 51.2% 488% 
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PER CENT SLUDGE DIGESTION 


FRED H. BURLEY, Supervisor 


Sewage Treatment Plant, Detroit, Mich 
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Since in the raw sludge there was 73.5 Ibs. of volatile matter 
for every 26.5 Ibs. of fixed solids, there was originally present 


48.8 
in the raw sludge ae « 73.5 = 135.4 lbs. of volatile matter for 


every 48.8 Ibs. of fixed solids. Therefore, the actual reduction is 
135.4 — 51.2 = 84.2 Ibs. of volatile for every 135.4 Ibs. entering 
as raw sludge. The reduction on a per cent basis is, therefore, 


84.2 
— X 100 = 62.2 per cent. 
135.4 

As a time-saver the accompanying chart was developed. It is 
simple to use. The arrows and dashed lines indicate the manner 
in which the per cent volatile in the raw and digested sludge 
(taking the above example) is located on two sides of the chart 
and the lines followed toward the opposite apex and parallel to 
the base, respectively, to their intersection. The line projected 
from this intersection to the base reveals the percentage reduc 
tion in volatile matter. 
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gravitational force and causes small bubbles, entrapped in the 


RAPID METHOD FOR DETERMINING SLUDGE SOLIDS 





The Sludge Triangle Procedure 
By GEORGE E. SYMONS and STEPHEN R. KIN 


Chief Chemist 


Assistant Chemis 


Buffalo Sewer Authority, Buffalo, N. Y. 


Mf’. HE Sludge Triangle Procedure is a rapid method for deter- 
cae sludge solids. The theory, experimental development 
and results of this method are to be found in the Jan. ’42 issue 
of Water Works & Sewerage. Certain facts drawn from the 
article are presented here: \ a 

|. It is possible, by use of a special “sludge triangle” graph, to 

estimate any two characteristics of a sludge if the volume 
of filtrate liquor from laboratory vacuum-filtration of a 
chemically treated sample, and one other characteristic, are 
known. These characteristics are per cent solids, per cent 
volatile matter and specific gravity. 
The method for determining the solids content of a sludge 
depends on the treatment of a measured sample of sludge 
with known quantities of lime and ferric chloride, measure- 
ment of the volume of filtrate resulting from vacuum filtra- 
tion of the treated sample, and determination of the specific 
gravity of the untreated sludge sample. It is possible to per- 
form both tests in ten minutes, after which the total solids 
and volatile matter content may be estimated with a reason 
able degree of accuracy through use of the graph known as 
the “Sludge Triangle.” 

3. The per cent solids content may also be estimated from 
volume of filtrate or specific gravity, if the approximate 
volatile matter content of the sludge is known. Or, the vola- 
tile matter may be estimated from the volume of filtrate 
liquor or specific gravity, if the total solids content is known. 
And, specitic gravity may be estimated, if total solids and 
volatile matter content are determined. 

4. This simple method is particularly advantageous in plants 
using chemical conditioning of sludge where the quantity of 
conditioning chemicals used is dependent to some extent on 
the volume of water associated with the sludge and/or its 
content of volatile matter. 


~ 


Procedure 
Filtrate Volume 


Measure 200 ml. of well-mixed sludge in a 2U0 ml. graduate 
(calibrated to deliver 200 ml. volume of water). Pour the sludge 
into a 400 ml. beaker that has been rinsed with water and drained, 
but not dried. 

Add 10 ml. of lime reagent containing 0.1 gram of available CaO 
per ml. Mix well with a flat policeman. Add 5 ml. of ferric 
chloride reagent containing 0.1 gram of FeCls per ml. Mix again. 

Place a No. 615 crepe surface filter paper, or equal, on a 3% 
inch Buchner funnel, and insert the funnei in a 500 ml. filtering 
flask. Wet the filter paper with water, apply vacuum until the 
free liquid has been removed from the funnel, then empty the 
filter flask. 

Pour the conditioned sludge into the Buchner funnel, using a 
flat rubber policeman to remove drops of the sludge sample ad- 
hering to the walls of the beaker. 

Apply the vacuum to the flask. When the break-through of 
air is noted, carefully press the surface of the filter cake with the 
flat top of a mushroom stopper, or other flat object, in order to 
close the cracks in the cake and secure full effect of the vacuum. 
Maintain the vacuum and continue pressing the cake until the 
rate of passage of liquor through the Buchner funnel is less than 
one drop every five seconds. To continue the vacuum beyond this 
point may produce an evaporation of liquid sufficient to interfere 
with the accuracy of the test. 

Pour the filtrate from the vacuum filter flask into a 200 ml. 
graduate (preferably the same as used in measuring the original 
sludge), and note the volume of the filtrate liquor. 


Determination of Specific Gravity 


For the determination of specific gravity use a 500 ml. Erlen- 
meyer flask (to reduce the error attendant with use of smaller 
samples). Into the neck of the Erlenmeyer flask insert a special 
rubber stopper (made of a No. 7 one-hole stopper and half of a 
No. 5 one-hole stopper, as shown in Fig. 1). Weigh on a labora- 
tory torsion balance to the nearest 0.5 gram. 

To determine the specific gravity, pour a well mixed sample of 
sludge into the tared Erlenmeyer flask and stopper it, forcing 
excess sludge out through the glass tube. Rinse the outside of 
the flask. Hold a finger over the end of the glass tube and shake 
the Erlenmeyer flask in a vertical plane with a rapid upward 
motion and a slow downward motion. This technique increases 





sludge, to rise to the top. After shaking about 50 times in this 
manner, remove the special stopper and add sludge to the flask 
until full. Replace the stopper in the flask and force out excess 
sludge. Wash the Erlenmeyer flask, wipe the outside and weigh. 
The weight of the sludge divided by the weight of the same vol- 
ume of water required to fill the flask is the specific gravity. 


Use of Sludge Triangle 

Experimental study indicated the interrelation of all factors 
affecting the release of water from a chemically treated sludge; 
namely, per cent solids, per cent of volatile matter and specific 
gravity, as related to ml. of filtrate obtained from the sludge that 
had been treated as described above. The data, when plotted, 
produced lines within a wedge-shaped triangle. This graph. 
designated “The Sludge Triangle,” is shown in Fig. 2. 

The useful applicability of “The Sludge Triangle’ depends 
on its accuracy when compared to the present standard method’ 
of evaporating samples to dryness and weighing. To obtain such 
a comparison, the proposed method was run in parallel’ with the 
standard method for a period of 28 days. 

This comparative study indicated the average error in total 
solids by the new method to be only 0.02 per cent of the standard 
method. (This agreement is somewhat surprising since the pro- 
posed method actually determines the suspended and flocculatable 
solids, and does not include the dissolved solids in the expressed 
liquor. Total solids should be at least 0.1 to 0.3 per cent higher 
because of this dissolved matter.) In the estimation of volatile 
matter content, “The Sludge Triangle” is less accurate. The 
average error during the four-week period was 2.43 per cent, 
with wider variations in individual samples than in the case of 
total solids. It appears that the errors are greater when the con- 
centration of solids is below 3 per cent. 

These errors are based on the assumption that the standard 
method is correct. Considering the difficulties of sampling sludges 
for the determination of total solids and volatile matter (b: 
evaporation and ignition), it is not surprising that there are 
some differences between the two methods. It has been shown 
that sampling* is important in sludges of this type. 


Variations in Technique 

(1) in special cases, it was found that certain variations in 
technique could be employed. For example, when the solid con- 
centration is above 8 or 10 per cent, and a sample of sludge does 
not pour cleanly from a graduate in which it is measured, the 
graduate may be rinsed out with a 20 ml. of water from a pipette 
and the rinse water poured into the beaker containing the sludge 
to be conditioned and filtered. After the filtration, 20 ml. is sub- 
tracted from the volume of the filtrate readings in order to give 
the filtrate volume from the original sludge. 

(2) When greater accuracy of measurements is desired, it is 
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Fig. 1—Flask for Determination of Specific Gravity ef Sludges. 
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possible to weigh the original sample of sludge and then weigh 
the graduate or beaker from which it is poured into the Buchner 
funnel. This difference in weight when corrected for specitic 
gravity will give the actual volume of sludge conditioned and 
hltered. Inasmuch as the test depends on the use of a standard 
200 ml. sample, any variation from that volume, as determined 
by difference in weight, according to this method may be applied 
to the filtrate volume reading in order to produce a correct 
reading. 
(3) For sludges of greater than 8 per cent solids, the gravity 
may be determined by diluting the sample with an equal volume 
of water. This procedure simplifies the removal of entrained air 
bubbles. In this case the specific gravity of the original sludge 
is calculated according to the equation: 
(Sp. G 1) X2+1=Sp.G. of original sludge 

hi jue will eliminate some of the objections to the 
determination of specific gravity cited by Smith.‘ 

(4) To further simplify the technique, and increase the ac- 
curacy of the test, determine the specific gravity in a 200 ml. 
Erlenmeyer flask and use the sample thus weighed as the sample 
to be chemically conditioned and filtered. The gain in accuracy 
of determining the amount of sample filtered would offset the 
decrease in accuracy of the specific gravity determination on the 
smailer sample. (If the 200 ml. flask does not hold exactly that 
volume, the graph must be reconstructed. ) 


This technique 
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(5) If the volatile content of the sludge is not known, deter 
mine the specific gravity of the sludge and the volume of the 
filtrate liquor. From these, the per cent solids in the origina 
sludge sample and the per cent volatile matter in the sludge may 
be determined from the graph. If the volatile content of the 
sludge is known, or approximately known, it may be unessential 
to determine the specific gravity in order to obtain the approx: 
mate concentration of solids in the sludge. 


This particular “Sludge Triangle” was developed on raw and 
digested sludge from the Buffalo sewage treatment plant. Sludge: 
from other sewage disposal plants may exhibit slightly different 
characteristics in this test and this “Sludge Triangle” therefore 
may not apply directly. A specific triangle may have to k 
developed for each particular type of sludge; this may be espe 
cially true for activated sludge. 


References 


1. G. E. Symons and S. R. Kin, “The Sludge Triangle.” Watt 
Works and Sewerage, 89, 17-23 (1942). 

2. Standard Methods for Examination of Water and Sewage 
8th Ed., 1936. 

3. G._E. Symons and B. Morey, “The Effect of Drying Timé 
on the Determination of Solids in Sewage and Sewage Sludges. 
Sew. Wks. J., 13, 936-39 (1941). 

4. J. I. Smith, “Investigation of Rapid Methods for Sludge 
Solids Estimation,” Sew. Wks. J., 6, 908-19 1934). 











tu 


Or p 
4 
cal « 

T 
a co 
all 
Tre: 
men 
does 
duct 
shou 









ie 7m 


4 


lL Gre 


; Le cease 


SAS # 


fi 


+ 
t 





‘igina 


yf the 
ential 
TF OXI- 


vy an 

udges 
ferent 
-efore 
to be 
espe- 


judge 





PRINCIPLES OF POWER GENERATION WITH 
SEWAGE-GAS ENGINES 


By NORMAN 


Engineer, Trenton, N. J. 


Many interesting accounts of sewage-gas engine power gener- 
ating installations have been published in the engineering litera- 
ture during the past several years. Several of these, particularly 
the articles of Walraven (1) and Sperry (2), in WaTER Works & 
Sewerace and Sewage Works Journal have been outstanding in 
the technical thoroughness with which the authors discussed their 
experiences with this new and valuable adjunct to sewage treat- 


ment. 

The writer has recently had occasion to make a comprehensive 
study of the feasibility of power generation with sewage-gas 
engines for the Sewage Treatment Works of the Rahway Valley 
Joint Mecting. The results of this study indicate that a very sub- 
stantial saving in power costs is possible by the substitution of ~ 
gas-engine generator sets for the present public utility power. 
Our current annual power bill is approximately $5,700.00, which 
covers cost of pumping all sewage entering the plant, power for all 
auxiliary pumps and mechanical equipment, and lighting. 

[t should be pointed out that the only justification for making a 


C. WITTWER 


(Former Supervising Engineer, Rahway, N.J., Sewage Treatment Works) 


1. Experience at other sewage treatment plants where sewage 
gas power is being used. 

2. Power requirements for the service desired—average and 
peak loadings. 

3. Size and type of generating units required. 

4. Standby power service. 

5. Quantity and dependability of gas supply as compared to 
the average and peak power requirements. 

6. Heat recovery for the heating of digestion tanks and build- 
ings, 

7. Probable first cost. 

8. Annual interest and amortization charges. 

9. Operating and maintenance costs. 

10. Annual savings, if any, as compared to the present power 
costs. 








capital expenditure : 
for power generat- Sa (pee 
ing equipment to ; 
peebe 
eal? 
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supplant outside 

power service must 

lie in the net an- 

nual savings in 

power costs which Lr 
may be derived. 
The considerations 
for or against such 
an installation must 
be purely financial, 
as the self-genera- 
tion of power will 
not add to, or de- 
tract from general 
sewage plant oper- 
ation, or the results 
to be obtained from 
the treatment 
processes. 








Arrangements 


Possible 


Many arrange- 
ments are possible 
by reason of which 
the installation of 
sewage-gas engines 





Experience at Other 
Sewage Treatment 
Plants 


It was first 
thought advisable 
to investigate the 
experience at other 
sewage treatment 
plants where gas 
engines are in use. 
Accordingly, ques- 
tionnaires were 
sent to a number 
of sewage treat- 
ment plants which 
have been using 
sewage-gas power 
over varying 
periods of time. 
The_ information 
obtained from 
these question- 
naires is tabulated © 
in Table 1, and 
may be summar- 
ized as follows: 


1. Three plants 
from which replies 
were received were 
larger than our 








may prove to be 
desirable. Some are 
as follows: 

1. Engines direct- 
connected to sew- : 
age pumps where all or part of the plant flow is pumped. 

2. Engines direct-connected to blowers used for aerating sewage. 

3. Engines direct-connected to generators for generation of all 
or part of the electric power réquired. 

4. Engines direct-connected to miscellaneous items of mechani- 
cal equipment. 

This article will present the technical and economic phases of 
a complete power-generation plant designed to provide powe- for 
all the operating requirements of the Rahway Valley Sewage 
Treatment Works. While the Rahway Plant is a primary treat- 
ment plant having a capacity of 25 mgd, the type or size of plant 
does not in itself control the economics of sewage-gas power pro- 
duction. A number of factors influence the problem, and each 
should he thoroughly studied. They are as follows: 


Twin 150 H.P. Cooper-Bessemer Engine-Generator Sects for Durham, N. C. 
Note waste heat boilers on right. 


plant, ten were 
smaller. 

2. All showed a 
__ : net annual savings. 
Some indicated that interest and depreciation were first charged 
off; the others did not clearly stipulate. 

_ 3. The annual cost of repairs as compared to power production 
in most cases is very low. 

4. The annual cost of lubricating oil in most cases is very low. 

5. In most cases, a statement was made to the effect that the 
engines were operated by the regular force, with no additional 
men. 

6. Each reply indicated that sewage-gas generation of power is 
satisfactory and practical. 


Power Requirements 


The power requirements for a new plant must be estimated, 
but for a plant in operation with a back-log of operating records, 
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the present and probable future requirements 
can be determined with a fair degree of accu- 
racy. 

By an examination of the first three col- 
umns of Table 2 under the heading “Hourly 
Rates of Power Consumption,” it can be 
seen that the hourly power demand during 
an average day for the Rahway Valley Plant 
approximated 40 KWH during the first ten 
months of 1938. The hourly average of a 
n&aximum day during this period was 114 
KWH, while for a minimum day it was 23 
KWH. Temporary demands higher than 114 
KWH have been recorded on the local power 
company’s demand chart, the highest being 
124 KWH during a heavy storm in Septem- 
ber. Such extreme peak demands, although 
not frequent, do occur occasionally. 

From these records, the folowing power 
requirements were determined: 

Average :' _ . 40 KWH 
Moderate P eak .. 99 KWH 
Extreme Peak .124 KWH 


\ generating plant to take care of the 
above loadings will be as follows: 

_ One 60 KW generator set to provide power 
for average demands, with sufficient reserve 
power for minor fluctuations. 

One 60 KW generator set to serve as 
alternate to the first set, and to provide the 
additional power required for the peak de- 
mands. 

Note :—Both generators operating in paral- 
lel will generate 120 KWH, and will easily 


stand the temporary overloading required to produce 125 KWH. 
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Worthington 120 H.P. Engine at Ann Arbor, Mich. Direct Connected to Blower 


especially adapted to the use of digester gas as a fuel. The most 


Some form of standby power service is always desirable, If serviceable type is the heavy-duty, slow-speed engine. Such en- 


the charges are within reason, an outside power company con- 
nection is the most practical. If such charges are too high, and 
they usually are, an arrangement may be made to use the local , 
gas company’s gas in case the supply of sewage gas fails. The mse. 


scheme has proved entirely feasible and economical at existing 


plants. 


If gasoline is to be used, a carburetor should be provided on the 
engine by means of which the engine may be operated as a gaso- 
line engine. In the case of the Rahway Valley Plant, it is intended 
to cut off the local power company entirely and to use gasoline 


as the auxiliary fuel to serve as a standby. 


Selection of the Engine 


The More !mportant Considerations 


Many gas engines are on the market, some of which have been 


gines are built to run continuously for a number of years with 
low cost of repairs and maintenance, and embody the standards 
of construction and the principal features of the heavy-duty Diesel 


Some sewage treatment plants have installed the lighter-weight, 


higher-speed automotive type of gas engine which is less expensive 


in first cost. However, experience has proven that in general these 
engines cannot be subjected to continuous service over protracted 
periods of time without high maintenance costs. In addition, their 
total useful life is much shorter than that of the heavy-duty engine, 


so that in the long run, the heavy-duty engine may be expected 


to prove 


the more economical type. 
The special features to be considered in choice of engines are 


those involving long life and low maintenance costs. Valve-in-head 


engines 














Koppers Gas Purifiers and Gas 
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Holder at Peoria, Til. 


are preferable in the smaller sizes. In the larger sizes, 
valves should be in removable cages, or should be otherwise easily 


removable for convenience in inspection and 
grinding of valves. Renewable valve-seat in- 
serts should be provided for the exhaust 
valves, preferably of some high grade heat 
resisting metal such as “Stellite.” 


An engine of unit-block frame type, bolted 
direct to the engine base, is preferred. Each 
cylinder head should be a separate casting, 
and renewable cylinder liners of a high 
strength material should be provided so that 
wear in a cylinder will require the replace- 
ment of a liner only, rather than a complete 
cylinder. It was found at the Coney Island 
(N. Y.) Plant that the liners can stand three 
reborings before replacement is necessary. 


The main bearings should be lined with a 
high-grade anti-friction metal, and should be 
fitted so that they can be removed without 
disturbing the crankshaft. Easy access should 
also be provided to the connecting-rod bear- 
ings. Water jacket space should be accessible 
for cleaning through ample covered openings 
inside of the frame. 


When the engine is direct-connected to 4 
generator, a fly wheel should be mounted on 
the drive end of the crank shaft. It should 
be dynamically balanced and have sufficient 
inertia to insure the degree of uniform rota- 
tion required for generator operation. 
governor should be provided which will satis- 
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jactorily control the speed of the engine to the limits required 
for the guaranteed operation of the generator. 

The customary oil filter and air filter should also form a part 
of the installation. Safety devices are also very desirable, such 
as an electric alarm and automatic shutdown system, to protect 
the engine against low lubricating oil pressure and excessive 
jacket water temperature. 

The desirable features not customarily found on automotive 
types of engines may be summarized as follows: 


|. Unit-block frame bolted direct to engine base. 

. Cylinder heads as separate castings. 

Renewable cylinder liners. 

Renewable valve-seat inserts for exhaust valves 
Valves readily removable. 

Main bearings mounted in engine base. 

Main bearings readily removable. 

Water jacket space accessible for cleaning. 

9. Flywheel, if engine drives a generator. 

10. Governor to control engine speed. 

11. Safety devices. 

12. Piston speed not to exceed 1000 feet per minutes. 
13. Brake mean effective pressure not to exceed 70 pounds per 


square inch. 


Quantity, Quality and Dependability 
of Sludge Gas 


The evolution and production of sewage gas is normally a con- 
tinuous and uninterrupted process, resulting from the biological 
decomposition of sewage sludge in digestion tanks. During this 
process 3 portion of the volatile organic matter in the sludge 
is converted into a combustible gaseous mix- 


PMWM & &w do 


R-261 


any volatile sulphide is just as objectionable in an engine fuel as 
is hydrogen sulphide. 


Where the sulphide content of a sewage gas exceeds U.U/ per- 
cent by volume, or approximately 50 grains per 100 cubic feet, 
scrubbers should be used to clean the gas before it enters the 
engine. Sulphur as hydrogen sulphide may be removed by pass- 
ing the gas through a bed of finely divided iron oxide and wood 
shavings. The iron oxide reacts with the hydrogen sulphide to 
ferm sulphide of iron and water, according to the following 
equation. 


Fe2O3 + 3H2S == FeeS3 + 3H20 


The wood shavings merely serve to keep the mass of iron oxide 
open, forming an “iron sponge,” so that the gas can pass through 
without too much resistance. 


At most sewage treatment plants, little or no trouble has been 
experienced due to hydrogen sulphide in the gas. Some plants, 
however, have found it necessary to first remove the sulphur. 
Several of these have installed a commercial type of scrubber, 
among them the plants at Peoria, Illinois, Fort Atkinson, Wis- 
consin, and Battle Creek, Michigan. 


An inexpensive, home-made gas scrubber can be constructed by 
following the design used at Galesburg, Illinois (3), as here 
sketched. It consists of a rectangular box providing a convenient 
depth of “iron-sponge” and a perforated or slotted tray which 
carries the sponge. The tray is supported about three inches above 
the bottom of the box to permit the gas to be distributed over 
the entire area before passing upward through the sponge. 


Since the chemical action between hydrogen sulphide and the 
iron oxide takes place more readily at temperatures above 60° F., 
the box should either be located in a warm place, or insulated, 





ture which is approximately 


al 64% 
Carbon Dioxide ......................0....d0% 
ERR IRNER er UE 5% 
Hydrogen Sulphide .................. Trace 
I CII aissesnciiasinincmsicctisitcsivans 1% 


Weekly analyses of the gas at Rahway have 
been run since the plant was placed under 
operation. From these analyses (made with 
a Bureau of Mines Gas Analysis Apparatus) 
the average heat value of the gas has been 
found to be about 650 Btu. per cubic foot. 
This is slightly higher than commercial gas, 
which runs about 550 Btu. per cubic foot. 


In an internal combustion engine, about 10% joo" 
of this heat is not available, this being the 5 
heat of vaporization. Thus the dependable ge | 
minimum heat value of the gas becomes 575 | 
to 600 Btu. per cubic foot. | 


Importance of Gas Storage 


Table 2 indicates that a uniform and de- 
pendable supply of gas is available at our 
plant at all times. The average daily gas pro- 


duction for January to October was 71.000 v 


cubic feet. However, since individual days yor’ 
have shown productions as low as 60,000 6?” 

cubic feet, it has been assumed for the pur- 
pose of this study that at all times 60,000 
cubic feet of gas will be available as the de- 
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pendable minimum per 24 hours for power 
generation purposes. The assumption is 
doubly conservative due to the fact that we 
have a reserve gas supply of approximately 
45,000 cubic feet in storage under 6 inches water pressure. This 
reserve supply is held in our secondary digestion tanks, the upper 
portion of which are in reality single-lift gas holders. It becomes 
apparent that one of the prime requisites of a practical and suc- 
cessful sewage-gas engine installation is a gas holder having ample 
storage capacity to carry over during periods of lower-than-aver- 
age gas production. 


Hydrogen Sulphide and Its Removal 


The presence of hydrogen sulphide (H2S) in objectionable 
quantities in digester gas may prove injurious to the pistons and 
cylinder walls of gas engines. While hydrogen sulphide itself is 
not seriously corrosive, its products of combustion, water and 
sulphur dioxide (SO) unite to form the highly corrosive sul- 
phurous acid (HeSO3). The same products of combustion result 
from the presence in the gas of any form of sulphur; therefore, 


Home-Built Sulphide Scrubber at Galesburg, Ill. 


or provided with heating coils. (The Peoria scrubbers here pic- 
tured are provided with artificial heat.) The inside of the box 
should be well coated with an asphaltic paint to prevent corrosion. 

The calculations for a gas scrubber for 80,000 c.f.d. of gas 
containing 100 grains HeS per 100 cubic feet are as follows: 
P 1. Sufficient “iron sponge” should be provided to last about 60 

ays. 

2. 1 cu. ft. of sponge contains about 20 Ibs. of ferric iron. 

3. 20 Ibs. of ferric iron will theoretically react with 127,000 
grains of HoS. 

4. Practical considerations cut this figure to about one-thira. 
or 40,000 grains of HeS. 

5. Average HeS content in the gas under question is 100 grains 
per 100 cu. ft. 

6. Total H2S in 60 days = 100 x 800 x 60 = 4,800,000 grains. 
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7. Total quantity of “iron sponge” required is 
4,800,000 


40,000 


The useful life of the sponge may be extended by regeneration. 
If the exhausted (sulphided) sponge is carefully exposed to the 
air, the iron sulphide will absorb oxygen, enabling the iron to 
revert back to its original ferric oxide condition as follows :— 


2FeeS3 + 302 = 2Fe2O3 + 6S 


This reaction generates so much heat that the sponge may take 
fire and be ruined. However, rate of regeneration may be con- 
trolled by wetting the old sponge thoroughly with water, and 
then removing it from the box to a pile in the open air. When 
it has changed from a black to a dark brown color, it is again 
ready for use. “Iron Sponge,” thus regenerated, may be used two 
to three times before finally discarding. 

When charging the box with sponge, care must be taken to 
pack uniformly. It should be lightly tamped several times while 
filling. Careful tamping around the sides of the box will prevent 
leakage of gas. 

An accompanying picture shows three home-built scrubbers at 

hicago Heights, III. 


= 120 cu. ft. 


the fuel mixture may be changed to suit the varying Btu. conten, 
of the sewage gas. 

The gas pressure ahead of the mixing valve should be req, 
by means of a suitable pressure regulator to atmospheric pressure 
To insure a constant supply of gas at atmospheric pressure 
all times, a gas reservoir is usually installed between the mixj 
valve and the pressure regulator. The size of this reservoir de. 
pends upon the engine rating, but should not be less than aboy 
30 cubic inches per horsepower. 


Heat Recovery 


(a) From Jacket Water 


In most cases where sewage gas is being used for power, part 
or all of the waste heat from the engine is recovered for the 
heating of digestion tanks and buildings. If this were not done, 
the heat normally derived from the gas would have to be re. 
placed by other fuels, such as coal or oil. Such an arrangement 
would probably prove economically unsound. Therefore, if gas ig 
used for power purposes, no additional heating cost should be 
incurred, and such heat as may be required should be obtained 
from the engine waste heat, and from the excess gas. 

The heat consumed in a gas engine, the heat wasted, and the 

heat which is recoverable depend upon 
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Three Home-Built Gas Scrubbers at Chicago Heights, Ill. 
Beyond is 125 H.P. Climax engine direct connected to 2500-cu. ft. Pottstown blower. 


Engine Gas Supply 


Most engine manufacturers will guarantee the fuel consump- 
tion at full load to be not in excess of 10,000 Btu. per BHPH. 
This is equivalent to 15,000 Btu. per KWH. For a sewage gas 
having a low heat value of 575 Btu. per cubic foot, the consump- 


tion will be 
15,000 
—— = 26.1 cu. ft./KWH 
575 


At other loadings, the fuel requirements will be approximately 
as follows :— 

1/2 Load—32.7 cu. ft/KWH 

2/3 Load—29.3 cu. ft./KWH 

5/6 Load—27.5 cu. ft./KWH 

The total daily engine gas consumption shown in Table 3 was 
computed on the basis of using one engine up to 60 KW demand, 
and above 60 KW demand using both engines in parallel, each 
taking one-half the total load. 

The sewage gas is introduced into the engine through a gas 
mixing-valve which mixes the gas with atmospheric air in the 
proper proportions. The function of this valve is similar to that 
of a carburetor on a gasoline engine. It should contain an air 
valve and a gas valve, each separately regulated in order that 
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7 the type of engine. For a 90 HP., four. 
i a cycle, slow-speed engine operating under 
i full load, a typical heat balance is as fol. 
lows :— 
Heat going to useful work................ 25.5% 
Pee Bh TR co cseccenccevccesecensenacccass 3.5% 
Heat to jacket cooling water............ 35.5% 
Heat to exhaust and friction............ 37.5% 


Of the above heat, all of that carried 
away by the jacket cooling water can be 
recovered by connecting the jacket water 
piping into the hot water heating system. 
For best operating conditions, the cool- 
ing water should enter the engine at 
between 110° F. to 130° F., and should 
leave the engine at between 140° F. to 
160° F. Approximately 3300 Btu./-BHPH 
must be removed from the engine jacket 
water to insure efficient cooling. There- 
fore, if the engine jacket water is passed 
through the digestion tank heating coils, 
these coils, acting as a water cooler, must 
be able to extract this amount of heat 
from the jacket water both winter and 
summer. If not, all or part of the jacket 
water must be circulated through a sep- 
arate water cooler. 


For a 90 HP engine operating at full 
load the heat recoverable from the jacket 
water is therefore 


3300 X 90 = 297,000 Btu/hr. 


The amount of a jacket cooling water 
required for a 30° F. temperature rise 
will be 


3300 « 90 
Q= = 1190 gph. 
30 (° Temp. diff.) & 8.34 

In the jacket water system, therefore, we must provide a cooler 
(digestion tank or other) to extract the necessary heat from 
the water. We have calculated that a circulating water pump of 
at least 20 gpm (1190 gph) capacity will be required to ensure 
positive water circulation. A vented surge tank should be in- 
stalled at the high point of the jacket water system, either be- 
tween the engine outlet and the cooler, or just ahead of the cir- 
culating pump. Thermometers should be provided at the cold water 
inlet and the hot water outlet. 

[b) From Exhaust Gas 

A portion of the heat normally carried away by the exhaust 
gases is recoverable. The quantity recovered is governed by prac- 
tical limitations in the size of the waste heat boiler, and also by 
the lower temperature limit to which gases can be safely cooled 
without condensation and the consequent corrosion of the sur- 
faces with which they come in contact. 

The importance of avoiding condensation of the moisture con- 
tained in the exhaust gases cannot be too highly stressed. The 
point of condensation, often called the dew point, has been found 
to be about 130° F. However, an exhaust gas temperature slightly 
higher than 130° F. is not sufficient to avoid condensation, due 
to the fact that exhaust gas temperatures drop very sharply when 
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they come in contact with surfaces having a water temperature 
° 


below 130° F. 

This sudden temperature drop is due to the inability of the 
as film adjacent to the heating surface to transmit the heat 
from the main body of the gases to the water quickly enough. 
The resistance offered by the gas film causes the moisture in the 
ases to condense on the cold surfaces even though the main 
- of gases are at temperatures far above the dew point. Hence 
it is obvious that the water inlet temperature should not be less 
than 130° F., and the lower temperature limit of the main body 
of the exhaust gas should be well above the dew point. Experi- 
ence has indicated that 300° F. is a safe minimum exhaust gas 


temperature. 

Where 130° F. water is not available, the ideal method of 
reclaiming waste heat is by means of a waste heat boiler gen- 
erating low pressure steam. The steam generated therein is de- 
livered to an independent tubular heater through which water 
passes in the tubes. When the steam condenses in the independent 
heater, the condensate returns by gravity to the waste heat boiler 
where it is again evaporated. In this manner the cycle is closed 
and the water temperature remains well above 130° F., except 
for short periods when starting up after long shut downs. Never- 
theless, practically all condensation with its consequent corrosion 
is eliminated. 

At Rahway we have decided upon a waste heat boiler which 
will extract sufficient heat to cool the gas from 900° F. to 300° F. 
at full load. Obviously. at fractional loads, the final gas tempera- 
ture will be under 300° F. due to the lower initial temperature 
and smaller gas quantities, but at low loads it will still be above 
the dew point. As a further precaution against corrosion, the 
cooling water will first be circulated through the engine jackets 
as the cooling medium for the engines. In so doing, the water 
will be preheated from 110° F. to 140° F. before entering the 
waste heat boiler. This double precaution against the possibility 
of a highly corrosive condensate appears to be the best guarantee 
for the long life of the equipment, and for low maintenance costs. 


A waste heat boiler (see first cut) is a shel land tube type 
of boiler, the exhaust gases being passed through the boiler 
tubes, and the heat being absorbed by the cooling water which 
completely fills the shell and surrounds the tubes. The exhaust 
gases, cooled down considerably by the boiler, pass on out to 
atmosphere. The waste heat boiler itself will also serve as a 
silencer, no further silencing being necessary. Where a by-pass 
around the boiler is provided, a suitable silencer should be in- 
stalled on the by-pass line. The arrangement proposed at Rahway 
will make it possible to by-pass all or a part of the exhaust gases 
around the boiler by means of a 3-way regulating valve. The 
piping is also so arranged that the jacket water can be by-passed 
around the waste heat boiler. 


A pyrometer will be provided with a sufficient number of themo- 
couple selection points to permit temperature readings of the 
exhaust gas to be taken at each cylinder, and at the discharge 
from the waste heat boiler. 


Naturally, the amount of heat going into the exhaust gas de- 
pends upon the bore and stroke, number of cylinders, speed and 
type of engine. A four-cycle engine with water-cooled exhaust 
manifold will produce exhaust gases having temperatures of from 
800° F. to 900° F., while the exhaust gases from a two-cycle 
engine will probably range from 300° F. to 500° F. 


A typical range of exhaust gas quantities and the corresponding 
temperatures for a 90 H.P., four-cycle engine operating under 
several loadings is shown below. This data must be obtained from 
the manufacturer of the engine to be used. 


Exhaust Gas Temper- 

(antity ature 
1/2 Load 683 Lbs./hr. 850 
2/3 Load “845 Lbs. /hr. 866 
3/4 Load 918 Lhbs./hr. 875 
5/6 Load 994 Lbs. /hr. 883 
Full Load 1130 Lbs. /hr. 900 


Obviously, the quantity of heat which may be extracted from the 
exhaust gas depends upon the difference between the initial and 
final temperatures, and the specific heat of the gas. The specific 
heat of the exhaust gas from a gas engine will be about 0.24, this 
representing the ratio of the heat required to raise one pound of 
the gas 1° F., to the heat required to raise one pound of water 
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1° F. Therefore, the heat recoverable from the exhaust gas of 
a 90 HP., four-cycle engine operating under full load will be 


1130 Ibs./hr. & (900°—300°) XX 0.24 = 162.720 btu/hr. 


(c) From Engine Radiation 


The heat radiated from the engines (about 3.5%) cannot be 
transferred to the hot water heating system, but it does assist 
in the heating problem by partially heating the engine-room, thus 
relieving the heating system of this portion of the total heating 
load. Generally speaking, the radiation losses at the engine will 
be from 2 percent to 4 percent of the total heat input. 


Heat from Excess Gas 


At Rahway we have at present a hot water heating plant which 
heats the digestion tanks and all buildings. The boilers are op- 
erated exclusively on sewage gas. The Heat Exchange Diagram 
on the next page shows how the heated water from the engine- 
room will be run directly into the return line at the bottom of 
the boilers, and circulated through the boilers where the tem- 
perature will be raised to the desired degree. The return water 
to the engines will be taken from the digestion tank return water, 
which averages about 110° F. In using the boilers to “jack-up” 
the temperature of the heating water, we must rely on the sew- 
age gas which may be left over after all engine requirements 
have been satisfied. Since the boiler efficiency approximates 68 
percent, the boiler heat output which is available when one en- 
gine is operating under a 60 KW demand will he 


22,500 K 650 X 0.68 
24 


This is shown in Table 3. 


Thus it is apparent that the system will be extremely simple 
and yet highly flexible. The combined heat from the exhaust 
gases and the jacket cooling water can be used to heat the diges- 
tion tanks in summer, and to aid in the heating of tanks and 
buildings in the winter. Exhaust gas heat can be recovered, or it 
can be by-passed as desired. Since our average power load is 
40 KW, it can be seen that sufficient heat is available to meet 
all normal winter heating requirements 


= 415,000 btu/hr 





Construction and Operating Costs 


Estimate of Cost 


Two 90 HP.—60KW—100 KVA heavy duty gas-engine generator 
sets complete with gauge boards, gas reservoirs, Maxim 
silencers, exhaust gas pyrometers, electric alarm and shutdown 
systems, water circulating pumps, starting air equipment, gaso- 
line carburetors, and installation. .......................cccccccsseseeess. -oss+-eee $19,000.00 

Two Waste Heat Boilers................ ‘i ‘ edie 660.00 

Two 3-Way Regulating Valves......................-0-0-++- 240.00 

Generator panels, with ammeters, voltmeters, 
quency meters, voltage regulators, field rheostats, Synchroscope 2,340.00. 














Distribution Panel, 1,600.00 
OE a aie 1,000.00 
a SESE AE SRE REE eee Se 3.500.00 
SRE TS APIS NE ys eee eae en ree 6,000.00 
RB ELE RRR RI ENS ECR ee 450.00 
SE. TRUE. CD TEI ceicccineetccorsnisencdoscnenseccnsinceenmusscnn 800.00 
RN Ni a acelin bee 400.00 
STI IINNNIR ~ sitesninsindsiniistenihlchicantenciiandnaaiibeiadasabaiadaaaiainnn siehtindsnaeieientaanninienniiicn 1,200.00 
i EE TY Le $37,190.00 
i SI, Ie iacsnciabsccckicsicinbisintavaendilacecasibidsasobabaaannbintenea: 3,000.00 
i ne seihceliienakaiialisheicsili-cad sola $40 190.00 


Amortization and Operating Costs 


Gas engines, when on continuous service, are generally con- 
ceded to have a useful life of from 15 to 20 years. With two 
engines, each capable of carrying the normal load, the service is 
divided. Hence, the life of each engine may be conservativelv set 
at 20 years. 


By looking back at Table 1, it will be seen that in most cases 
the cost of additional labor to operate and maintain the engines 
is negligible. In fact, a number of the replies indicated that no 
additional labor cost was incurred. 


Experience on the cost of repairs and lubricating oil seems to 
differ widely. A fair allowance for repairs is $2.00 per BHP per 
annum. This figure is somewhat higher than the engine mann- 


W. & S._W.— REFERENCE & DATA — 1946 











"MY Ov 4° PDOT JOWU0OW PC LO 
PISOG 24D PACYUY UMOYS SB4N,OAZdWIPY AP4EDM 42H206 


=aLONn 


SAOLOIPDOY Of —o= 


€ esti 
, quivalent to 
» IS expected to 








44u/n+q 


000 ‘ose 000‘0S¢ 


uani9g wai1038g 
sv sv WOOoYN Ya109 


+--+ +- 1 %-- 


e J 


DAIDA D1460M4duU, ~ 
PAIDA 422UD 
PAICA 2400 
Mud, @eang 
AB!0qG 402 24S0M 
anion Buiyoinbay Kom-¢ 
dung buiyoino419 


A24OM PIOD 


& -- -- ---»- ---- 


t 




















o*--= 


‘ 
ewe one, 


' 
~~ 0 9- pg mS | 
{ 


i. 
. 
RR RR Re Re me RE Ree HR ee Hee Seem 


*p,baa you si yoay Auoyixay yf f ' 
U2UM prsn 2q 04 sarysrbiq 7 ** 
PUL Of UOIZDBUUOD 492414 ~ 


(pasinbay 41) 
ABOOD ABLODM 42200 





Pe L-pg- 








--- &--4d- 


4, O11 ==, 
£ 
yOLVUaNAD 
ANION] 
M2O9~ dH OG 





2000 BHPH. However, oil consumption can be reduced some. 
what by the use of oil refiners. At the Rahway plant, we 


a total of 335,000 KWH per annum, which is e 


500,000 BHPH. Our oil consumption, therefore 


be approximately 250 gal. 
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Annual Charges and Savings 


on Investment @ 4% $1,607.60 








st 
iortization of Engine— : 
—- x $21,300... . 1,065.00 
20 
Amortization of Miscellaneous Equipment 
— x $6,400....... 7 inde aimdiaicndinen 256.00 
25 
Amortization of Permanent Structures and Piping 
— x $12,490 416.33 
30 
Repairs—57 BHPH/annum @ $2.00............ 114.00 
Lubricating Oil—250 gallons @ 12c......... 30.00 
peal Mampi COE sesiccnmnesnnnesonenminetentieumeeaniecees ...$3,488.93 
— pe. "2 ree ‘ . 5,700.00 
Net Annual Saving (based on present power cost)........ ...$2,211.07 


—— 


*Our purchased power cost will increase from year to year as the 


sewage load increases, 


TABLE 1. 


hence the savings will likewise increase. 
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TABULATION OF DATA ON POWER GENERATION FROM SEWAGE GAS 


(Taken from replies to questionnaire) 


























































































Gas as Annual Additional 
’ Pop. Total Make of Production Consumption Net Annual Annual Lubric Annual 
Location Served FP. Engine c.f.d. cu. ft. Savings Repairs Oil Labor Cost 
Battle Creek, Mich. 36,300 60 Le Roi 59.000 8/BHPH $2,004 $ 55 $ 90 None 
Los Angeles, Cal. 374,000 450 Clark 250,000 24/BHPH 4,600 100 325 None 
Green Bay, Wisc. 40,000 210 Worthington 40,000 26/KWH 2,835 96 189 $234 
Cedar Rapids, Iowa 55,000 200 Worthington 147,760 15/BHPH 6,000 300 700 275 
Janesville, Wisc. 20,000 30 Worthington 25,000 17/BHPH 850 600 it 150 
Grand Rapids, Mich. 178,000 150 Buda 138,000 — 1,000 15 30 30 
Fort Atkinson, Wisc. 6,000 ISKVA Le Roi 75,000 24/Kwh 1,950 300 75 None 
Richmond, Ind. 28,000 120 Worthington 25,000 9.5/BHPH 6,000 None 200 None 
Ann Arbor, Mich. 40,000 120 Worthington 50,000 15/BHPH 6,000 None 170 None 
Topeka, Kans. 50,000 360 Worthington Ample aa 5,400 200 425 
Aurora, III. 49,000 140 Climax 49,500 21.8/BHPH - 219 88 None 
Kokomo, Ind. 36,000 45 Worthington 15,000 19/BHPH 1,800 None 55 None 
Toledo, Ohio 60,000 535 Rathbun 250,000 9500Btu/ 13,299 382 576 None 
BHPH 
*Plant operating cost reduced 20%. 
TABLE 2. GENERAL DATA ON POWER, GAS PRODUCTION, AND HEAT REQUIREMENTS 
(As determined for the Rahway Valley Plant) 
Hourly Rates of Max Gas Production Heat Requirements 
Power Consumption _Demand Digestion Tanks 
Month from Aver. ; Total 
Max. Min. Monthly Demand . Cire. Temp. Heat Heating Heat 
Day Day Aver. Chart Average Maximum Water Diff. Req’d of Required 
KWH KWH KWH KW c.f.d. c.f.d. g.p.h. "7 tu/hr. Buildings Btu/hr. 
pemeey 80 23 35 99 63,000 85,000 3,600 18 540,000 400,000 940,000 
ebruary 57 30 39 70 68,000 86,000 3,500 17 485,000 400,000 885,000 
March 73 33 42 78 67,000 86,000 3,620 21 635,000 350,000 985,000 
April 60 30 39 76 72,000 89,000 3,500 23 670.000 200,000 870,000 
May 37 27 31 50 61,000 79,000 3,250 19 516,000 75,000 591,000 
June 60 23 32 51 73.000 87,000 2,780 23 535,000 0 535,000 
July 113* 27 43 119° 72,000 85,000 3,480 13 377,000 0 377,000 
August 40 27 35 72 70,000 81,000 3,400 16 453,000 0 453,000 
September 114* 27 39 124* 85,000 104,000 3,100 15 J 0 387,000 
October 40 27 37 60 78,000 103,000 3,250 17 462,000 80,000 542,000 
Average 71,000 
*Exceptionally Heavy Storms. 
TABLE 3. FUEL AND HEAT BALANCE 
Engine Gas Boiler Heat Recoverable Heat Radiation 
Consumption Available from Engines Aver. Heat 
Daily Excess from From From Total Req’d dur- Max. Heat 
Load Gas* Excess are Engine Heat ing Winter Req’d for 
Gas** ater Exhaust % Heat Available Months a Zero Day 
KWH Btu/KWH c.f.d. c.f.d. Btu/hr. Btu/hr. Btu/hr. Loss Btu/hr. Btu/hr. Btu /hr. Btu/hr 
80 16,800 56,000 4,000 74,000 396,000 238,000 Hy, 30,000 738,000 850.000 1,070,000 
70 17,600 51,200 8,800 162,000 345,000 216,000 2 34,000 757.000 850.000 1,070,000 
60 15,000 37,500 22,500 415,000 297,000 163,000 1% 15,000 890,000 850,000 1,070.000 
50 15,800 33,000 27,000 495,000 248,000 138,000 2 17,000 898,000 850.000 1,070,000 
40 16,800 28,000 32,000 590.000 197.000 119,000 2% 16,000 922,000 850.000 1,070,000 
30 18,800 24,000 36,000 660,000 149,000 95,000 244 16,000 920,000 850,000 1,070,000 





*Daily ey - Gas Production to be count 60,000 c.f.d. 


** Hot Water 


oiler Efficiency estimated at 68 


Notes 
High heat value of sewage-gas = 650 Btu; low heat value = 575 Btu. 


Fuel requirements and heat recovery, based on the following: 
Engine—Worthington 90 H.P.—60 K.W. Type BG-3. 


Waste. Heat Boiler—Davis Paracoil N-70. 
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OPEN CHANNEL FLOW 


Solved by Nomograph Based on Manning’s Formula 


By DONALD R. KEITH 





Civil Engineer, Division of Water, Columbus, Ohio 


BEFORE entering into an explanation of the use and opera- 
tion of Manning’s Formula, a brief introduction should be 
made as to why it was used for the basis of this chart. 

Kutter’s Formula is generally preferred for its accuracy and 
a great number of engineers have become accustomed to esti- 
mating the condition of a stream in terms of Kutter’s “n”. Un- 
fortunately, Kutter’s Formula does not lend itself easily to a 
nomographic type of chart without complicating the whole 
process. Manning’s Formula was therefore carefully studied in 
comparison. Kutter and Manning Formulas use the same value 
for “n” and, when r = 1 meter, they are identical expressions 
and give identical results. 

Several typical problems were solved by each formula and the 
results compared. These all checked to the first and second deci- 
mal places and, in a few instances, to the third decimal place. 
In no instance did the third place differ more than one point at 
most. 


1.486 
Furthermore, Manning’s Formula, V = —— r’/* s’/*, adapts 
n 


itself very nicely to nomographic chart calculation. 


How to Use the Chart 


An explanation of the use and operation of the accompanying 
chart follows: 

A glance at the chart will show that all scales, with the excep- 
tion of the n-scale, read up. The n-scale reads down. The 
product of r°/* x s'/* x the constant 1.486 is divided by “n”; 
therefore, the n-scale must be inverted. 

The s-scale represents the slope or hydraulic gradient in deci- 
mals of a foot per lineal foot. 

The r-scale represents the hydraulic radius, which is equal to 
A/p, in which A = the area of the cross-section and p = the 
length of the wetted perimeter of the cross-section, in feet. 

The v-scale represents the velocity of flow in feet per second. 

The Q-scale represents the discharge in cubic feet per second 
on its right side, and gallons per minute on its left side. The 
Q-scale is calculated from Q = Av. 

The A-scale represents cross-sectional areas from 10 sq. ft. 
to 10,000 sq. ft. 


Example (1) 


In the solution of the first problem, as shown by one group o; 
, ; n, 0 
index lines on the chart, we have given: od 


s = 0.00015 ft. per lineal foot 
r= 2.19, and n = 0.035 
Required, the velocity ‘‘v” 


First, align the straight-edge from s = 0.00015 to r = 2)9. 
from the intersection of this line with the axis, align the straight. 
edge to n = 0.035; where the straight-edge cuts the v-scale, 
read v = 0.877, the answer. 

In this problem, suppose the cross-sectional area A = 100 54 
ft. and the discharge Q is desired. Set the straight-edge at the 
point just found above, namely, v = 0.877, and align it to A = 
100; where the straight-edge cuts the Q-scale, read Q = 977 
cfs. or Q = 39,359.76 gpm. (gallons per minute). This scale 
cannot read that close, but it does show between 39,000 and 40. 
000 gallons per minute. 


Example (2) 


In the solution of the second problem shown by another group 
of index lines on the chart, s = 0.0001, r = 1.0, and n = 00) 
(incidentally, this problem was used to spot the starting points 
when laying out the scales). 

First, align the straight-edge from s = 0.0001 to r = 1): 
from the point where the straight-edge cuts the axis, align to n 
= 0.01; where the straight-edge cuts the v-scale, read v = 1.4% 
ft. per sec. 

Suppose in this case the cross-sectional area A = 1,000 sq. ft 
and it is desired to know the discharge Q. Set the straight- 
edge to 1.486 on the v-scale (the velocity just found), then align 
to A = 1,000; where it cuts the Q-scale, read Q = 1,486.0 cfs. 
or QO = 667,000 gpm. 

The index lines plotted on the chart merely trace the opera- 
tions in solving the problems just explained. They are not there 
for any other purpose. 


Values for "n" 


Values for “n” vary from 0.01 for neat cement, 0.013 for clean 
brick, 0.015 for unclean brick or cement, 0.02 for new canals, 0.025 
for average canals, 0.035 for moderately rough earth and rock 
channels, 0.05 for channels in very poor condition, and 0.07, or 
even 0.08, for channels with bank-slopes and bottoms obstructed 
with small trees and undergrowth. 








CARRYING CAPACITY OF SEWER PIPE—GALLONS PER MINUTE 


(Based on "Hydraulic Tables" by Williams & Hazen) 











e Ssooo000 


4 FSO 


900: 


1” Fall 2” Fall | 3” Fall 6” Fall | 9” Fall 12” Fall | 24” Fall 36” Fall 
Size, in in in in in in in in 
Inches 100 Feet | 100 Feet 100 Feet 100 Feet | 100 Feet 100 Feet 100 Feet 100 Feet 
re eee eee eee gern | 86 | 102 149 186 
6 ier raae Geer er 204 = 256 | 297 269 534 
> + sees - sesvane Ff aeese 437 | 539 632 921 | 1143 
- - wee 4 w0e0n 2 «esears 601 749 876 1272 1580 
— «t+ «sr if waeane 537 781 974 1138 1653 2055 
12 730 869 1264 1571 1835 2695 3345 
15 1242 1556 | 2275 28385 3300 4790 5950 
18 pons 2030 2510 3670 4580 5340 7760 9665 
24 2985 4325 5390 7810 9740 11380 16530 20550 
27 4040 5875 7325 10690 13270 15520 22530 27850 
30 5340 7760 8670 14080 17500 20450 29750 37150 
12600 28350 | 33000 47900 59500 


36 8740 
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MANNING'’S« FoRMULA: V= 1486 rs: 
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f*10,e7d2 


, 


ord GG =/486.0 
[72° 2./9, gra 778 0.035 


42/09, og779S Q*97.7 


/ 
A= 1200, 
0.000/5, 


v=/#56 , 
wher 3S 


Y= 0877 9 


, 





InJex show that when 320.000 


=2.0/, 
BA/ta 
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CHART OF LOSS OF HEAD IN FEET PER 1000 FT. OF PIPE 


V __ Velocity in Feet per Second 
vorune rj ” Friction Coefficient. 
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From “Hydro-Electric Handbook”—John Wiley & Sons 
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AREAS OF CIRCLES—SQUARES—SQUARE ROOTS 


(Also Fractions to Decimal Equivalent.) 









































eee f L. — ee 
om Circle Area Circle Area Circle Area Circle 
N : (N =|] No. all (his No. is (N= No. (N= 
vom a N? VN Diam)| N N?__VN__Diam) | N N?__VN__Diam) | N__N?__VN_Diam,) 
7/16 .0625 .0039 .2500 .0031] 10 100 3.162 78.541 76 $776 8718 4536.5 | 142 20164 11.92 15837 
% 125. 0156 .3536 0125) 11 121 3.317, 95.03 | 77 = 5929 8.775 = 4656.6 | 143 = 20449 11.96 16061 
3/16 1875 .0352  .4330 0276] 12 144 3.464 113.1 | 78 6084 8832 47784 | 144 20736 12.00 16286 
aA 0625 .5000 .0491/ 13 169 3.606 1327 | 79 6241 8888 49017 | 145 21025 12.04 16583 
5/16 3125 .0977. 5590 .0767| 14 196 3.742 153.9 80 6400 8.944 5026.5 | 146 21316 12.08 16742 
yy 375 1406 .6124 .1105) 15 225. 3.873 176.7 81 6561 9.000 51530 | 147 21609 1212 16972 
7/16 6.4375 .1914 .6614 .1503| 16 256 4.000 201.1 82 6724 9.055 5281.0 | 148 21904 1217 17203 
50.2500 .7071 .1964) 17 289 4.123 227.0 | 83 =6889 9.110 5410.6 | 149 = 22201: 12.22 17437 
afi 3625 3164 .7500 .2485! 18 324 4.243 254.5 84 7056 = 9.165 5541.8 | 150 22500 12.25 17671 
% .625 3906 :7906 .3068; 19 361 4.359 283.5 85 7225 9.220 5674.5 151 22801 12.29 17908 
1/16 6875 4727 8297 .3712| 20 400 4.472 8314.2 86 7396 9.274 58088 | 152 23104 1233 18146 
75 +5625 8660 .4418| 21 441 4583 3464 87 7569 9.327 5944.7 | 153 23409 12.37 18385 
13/16 8125 6602 .9014 .5185} 22 484 4690 380.1 88 7744. 9.381 «=6082.1 | 154 = 23716-:12.41 18627 
% 875 .7656 9354 .6013| 23 529. 4.796 = 415.5 89 7921 9.434 6221.1 | 155 24025 1245 18869 
15/16 .9375 .8789 .9683 6903} 24 576 ©6©4.899 452.4 90 8100 9487 6361.7 | 156 24336 12.49 19113 
1 1. 1.000 1.000 .7854) 25 625 5.000 490.9 91 8281 9.539 6503.9 | 157 24649 1253 19359 
1% 1.125 1.266 1.061 9940} 26 676 5.099 530.9 | 92 8464 9.592 6647.6 | 158 24964 12.57 19607 
141.25 1.563 1.118 1.227 | 27 729 5.196 572.6 93 8649 9.644 67929 | 159 25281 12.61 19856 
136 1.375 1.891 1.175 1.485 | 28 784 5.202 »=615.8 94 8836 9.695 69398 | 160 25600 1265 20106 
141.50 2.250 1.225 1.767 | 29 841 5.385 660.5 95 9025 9.747 7088.2 | 161 25921 12.69 20358 
156 1.625 2.641 1.275 2.074 | 30 900 5.477 "06.9 6 9216 9.798 7238.2 | 162 26244 12.73 20613 
1341.75 3.063 1.323 2.405 | 3] 91 5.568 7548 97 9409 9.849 73898 | 163 26569 12.77 20867 
1% 1.875 3.516 1.369 2.761 | 32 1024 5657 804.2 98 9604 9.900 7543.0 | 164 26896 1281 21124 
: = 4.000 1.414 3.142 | 33 1089 5.745 855.3 99 9801 9.950 7697.7 | 165 27225 12.85 21382 
2% 2125 4.516 1.458 3.547 | 3 1156 5.83] 907.9 100 10000 10.00 7854.0 | 166 27556 1288 21642 
2% 2.25 5.063 1.500 3.976 | 35 1225 5916 9621 | 101 10201 10.05 8011.9 | 167 27889 12.92 21904 
2% 2.375 5.641 1.541 4.430 | 36 1296 6,000 1017.9 102. 10404 10.10 8171.3 | 168 28224 12.96 22168 
2% 2.50 6.250 1.581 4.909 | 37 1369 6.083 1075.2 | 103 10609 10.15 83323 | 169 28561 13.00 22432 
256 2.625 6.891 1.620 5.412 | 38 1444 6.164 1134.1. | 104 = 10816 10.20 8494.9 | 170 28900 13.04 22698 
2% 2.75 7.563 1.658 5.940 | 39 1521 6245 11946 | 105 11025 10.25 8659.0 | 171 29241 13.08 22966 
2% 2.875 8.266 1.696 6.492 | 40 1600 6325 1256.7 106 =11236 = 10.30 8824.7 | 172 29584 13.11 23235 
3 3. 9.000 1.732 7.069 | 41 1681 6403 1320.3 | 107 11449 10.34 8992.0 | 173 29929 13.15 23506 
3% 3.125 9.766 1.768 7.670 42 1764 6.481 1385.4 108 11664 10.39 9160.9 | 174 30276 13.19 23779 
3% 3.25 ~ 1.803 8.296 | 43 1849 6557 1452.2 | 109 11881 10.44 9331.3 | 175 30625 13.23 24053 
3% 3.375 11.3 1.837 8.946 | 44 1936 6.633 1520.5 110 12100 10.49 9503.3 176 30976 13.2 24328 
3% 3.50 12.25 1.871 9.621 | 45 2025 6708 1590.4 111 12321 10.54 9676.9 | 177 31329 13.30 24606 
35 3.625 13.14 1.904 10.32 | 46 = 2116) 6.782 1661.9 | 112 12544 10.58 9852.0 | 178 31684 13.34 24885 
3343.75 14.06 1.937 11.04 | 47 2209 6.856 1734.9 | 113 12769 10.63 10029 179 = 32041 «(13.38 =. 25165 
3% 3.875 15.02 1.969 11.79 | 48 2304 6.928 1809.6 114 12996 10.68 10207 180 32400 13.42 25447 
4 4. 16.00 2.000 12.57 | 49 2401 7000 1885.7 | 115 13225 10.72 10387 181 32761 13.45 25730 
4% 4.125 17.02 2.031 13.36 50 2500 7071 1936.5 | 116 13456 10.77 10568 182 33124 13.49 26016 
44%4.25 1896 2.062 14.19 | 5 2601 7.141 20428 | 117 13689 1082 10751 183 33489 13.53 26302 
434 4.375 19.14 2.092 15.03 | 52 2704 7211 2123.7 | 118 13924 10.86 10936 184 33856 13.56 26590 
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EXAMPLE --~~-------~-- RATE OF FLOW 


DEPTH OF FLOW —— 6i* 


DIAMETER OF SEWER —15" CIRCULAR SEWERS 


LS "6.88 4.608. 
VELOCITY —---- 0.60 F.P.§, 


! 
This very useful graph for use in design or in determining velocities or rates of flow in existing pipe lines and sewers is reproduced through courtesy of Chicago Pump Co. 
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This very useful graph for use in design or in determining rates of flow or velocities in existing vertangular channels is reproduced through courtesy of Chicage Puenp Co. 
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pH CONVERSION CHART 


Nore: This chart has an especial usefulness in determining —Locate pH value diagonal; follow it to intersection wit, w 
free carbon-dioxide content of waters without making the tedious  kalinity value vertical. The horizontal line passing through thi 
and frequently inaccurate COs titration. Alkalinity and pH read- same point reveals the correct free COs content. Comten 
ings are more easily and accurately made. To find CO: content Nicholas S. Hill Associates, New York City. 9 
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EFFECT OF CARBONATE AND BICARBONATE ALKALINITY ON pH 
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Maintenance ... ere (46) R-180, R-187 Some Practical Aspects of Handling Chlorine : ' . 45) Rel Thickenin 
Maintenance, with Copper Sulfate vesseset Ge? Beat Some Relationships Between Current Flow and Heat Produc- Those — 
Manholes (Lost) .. (46) Mag. 149 PN. as edewecavernanaseeecennssesenes : : . . (745) BF Time Savi 
Odors (Traps for) ween e  (°44) R-195 Some Sewerage Operating Kinks...... re ; (°45) Reif Tools poner 
Oil Exclusion from ... a oeeeee (46) R-1965 Spacing and Submergence of Suction Bells.......... woes (46) BOE Stop Pi 
Pipe Discharge . wie ute we a wees ee (°46) R-266 Special Sewer Service Charges for Industrial Wastes (44) Belt Total de 
DEED: sciavaneves aor (46) R-177, R-22 Specifications, Filter Sand...... sereeee (746) Mag. Transports 
Root Control in . , .. C44) R-246 Specific Speed Curves......... + Cae) 4 Trap, Fun 
Size and Slope ..(°44) R-168 Speed, Specific Curves......... .» (46) Re fess for 
Sewerage Financing .... C41) R-129 Sprinkler Head Discharge..... CW) BYE trating 
Sewerage Operating Kinks nhac (45) R-181 Square Roots, Squares, Circles er xe . (°46) Rf Treating \ 
Sewer Cleaning with Rubber Beach Balls .(°43) R-182 Squares, Roots, and Circles. + tees - (46) os Treatment 
Sewer Flushing . pews eke .(°46) R-192 Stability Indicator, Enslow Continuous. sore . (746) Belt Treatment 
Sewer Maintenance .. .. (46) R-180 Standard Gauges for Sheets, Wire, and Plates. whi , . (45) Blt Treatment 
Sewer Odor Traps for Manholes and Inlets p+ eee 44) R-195 Standards for Water Service............-.--++. sisal chet RA Treatment 
Sewer Service and Maintenance.......... es ..- (45) R-177 Standards, U. S. Drinking Water........ ror RL 
Sheet, Check, Pump Trouble.... : rare ...- (46) R-85 Standpipes and Tanks, Maintenance of..............+. 42) BM 





W. & S. W. — REFERENCE & DATA — 1946 









R-285 
REFERENCE AND DATA INDEX — 1941 through 1946 

46) All subjects in this and previous issues are listed with the respective key,—(’41), (’42), (’43), (’44), (’45) or (’46) 
station Operation and Maintenance, Smal! Pumping.......,’44) R-19% Treatment Plant Operation, Sewage........... . +++ (°45) R-187 
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VARIANT FORMS OF DORR CLARIFIERS: 


@ Dorrco Squarex Clarifiers for square 
tanks. 


2) Dorrco Monorake Clarifiers for rec- 
tangular tanks. 


© Dorr Clarigesters: Clarification and 
Digestion combined in a single tank. 


© Dorrco Clariflocculators: a single unit 
combining both clarification and floccu- 
lation. 


All types are symmetrical and attractive 
in appearance. For full details on any of 
them, phone, write or wire your nearest 
Dorr office. 
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wHY Dorr Clarifiers are 





...more efficient 














MAXIMUM LENGTH OVERFLOW WEIR 
assures minimum velocity at point of discharge, 


MAXIMUM SLUDGE DENSITY, 

through rabbling effect of slowly revolving 
short rakes that squeeze out entrained water 
while thickening the solids. 


...for longer periods 








NO SUBMERGED BEARINGS 
are used in Dorr Clarifiers; lubrication and 
maintenance is simplified. 


CENTRAL DRIVE, STURDY DESIGN 
Entire mechanism is mounted on a rigid cen- 
terpier of steel or concrete—durable, accessible. 


ADEQUATE ENGINEERING SERVICE 
to inspect,adjust and supervise initial operation, 


...at lower cost 








LOW POWER CONSUMPTION 
—often only a fractional horsepower is required. 


A TYPE FOR EVERY PLANT 
Diameters range from ten to two hundred feet. 
There’s a carefully developed Dorr Clarifier 
for most economical operation in every size 
and type of plant. 





INQUIRIES TO OUR NEAREST OFFICE 
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_ 
@1428 


THE DORR COMPANY, ENGINEERS 


NEW YORK 22,N.Y. . 
ATLANTA 3,GA. . 
TORONTO 1, ONT... . 


CHICAGOT, tll... . 
DENVER 2,COLO.. . . 
LOS ANGELES 14,CAL. . . 


WESTPORT, CONN. 
SUGAR PROCESSING 
PETREE & DORR DIVISION 


570 LEXINGTON AVE., NEW YORK 22 





. 570 LEXINGTON AVE. 

WILQAM-OLIVER BLDG. 
. 80 RICHMOND ST. W. 
. 221.NO. LA SALLE ST. 
. COOPER BUILDING 
. 811 WEST 7TH ST. 


RESEARCH AND TESTING LABORATORIES 
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LET'S LOOK AT THE RECOR 


Fortunate, indeed, is the water plant with a complete record: 


hey 


operations — records to guide future plans, to furnish inform 
on treatment questions and as evidence of past performance. Ne 
W & T offers equipment to fill in an important gap in your operatifi 
records — the Chlorine Residual Recorder. Now — you can ha 
permanent month after month record of the actual total chlom 


aa 


residual maintained at any point. 
The Chlorine Residual Recorder — the Chlorination Sentry — 
Flow Recorders and other new W & T Developments together 
time-tested Visible Vacuum Chlorinators will be on display at @ 
A.W.W.A. Conference in St. Louis. We'll be looking for you 
booths 53, 54 and 55. . | 


“The Only Safe Water is a Sterilized Water” | 








